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S ynopsis
A fu n d am e n ta l  prob lem  o c c u r r in g  i n  th e  a n a l y s i s  o f  
en e rg y  demand c o n c e rn s  th e  a g g r e g a t io n  o f  th e  f u e l  i n p u t .  
S ince  f u e l  i s  consumed to  p roduce  h e a t ,  t h e  a p p r o p r i a t e  
u n i t s  o f  m easurem ent a r e  h e a t  u n i t s .  Energy  consum ption  
s t a t i s t i c s ,  how ever, a r e  n o t  m easured i n  te rm s  o f  t h e  
u s a b l e  h e a t  r e l e a s e d .from  f u e l s  b u t  i n  te rm s  o f  h e a t  
c o n t e n t .
The r a t i o  o f  u s a b le  h e a t  y i e l d e d  and h e a t  c o n te n t  o f  
a  g iv e n  amount o f  f u e l  i s  known a s  th e  e f f i c i e n c y  o f  fueL 
u s e .  P h y s i c a l  and ch em ica l  c h a r a c t e r i s t i c s  d e te rm in e  
th e  e f f i c i e n c y  w i th  w hich  f u e l s  can  be u se d  and t h e s e ,  i n  
g e n e r a l ,  w i l l  be d i f f e r e n t  f o r  ev e ry  f u e l .  I f  e f f i c i e n c y  
v a lu e s  a r e  known, th e  h e a t  c o n te n t  o f  f u e l s  can be 
c o n v e r te d  i n t o  th e  u s a b l e  h e a t  y i e ld e d  by f u e l s .  Some 
e s t i m a t e s  o f  r e l a t i v e  e f f i c i e n c y  can  be o b ta in e d  from  
e n g in e e r in g  s o u r c e s  b u t  t h e s e  a r e  e s s e n t i a l l y  a p p ro x im a te  
and a r b i t r a r y  i n  n a t u r e .  A no the r  a p p ro a ch  i s  to  u s e  
in d e x  numbers b u t  s i n c e ,  i n  p r a c t i c e ,  p r i c e  r a t i o s  do n o t  
n e c e s s a r i l y  r e f l e c t  e f f i c i e n c y  r a t i o s  t h i s  may n o t  be a  
s a t i s f a c t o r y  p ro c e d u re .
An a l t e r n a t i v e  m ethodo logy  i s  p r e s e n te d  i n  t h i s  
t h e s i s  i n  w h ich  f u e l  i n p u t ,  m easured  i n  te rm s  o f  h e a t  
c o n t e n t ,  i s  e x p re s s e d  as  th e  dependen t v a r i a b l e  i n  a 
r e g r e s s i o n  m odel. I f  f u e l s  a re  used w i th  d i f f e r e n t
e f f i c i e n c i e s  th e  amount o f  f u e l  in p u t  n e c e s s a r y  to  
p ro d u ce  a g iv e n  l e v e l  o f  o u t p u t ,  o t h e r  f a c t o r s  
r e m a in in g  c o n s t a n t ,  w i l l  v a r y  a c c o rd in g  t o  th e  
c o m p o s it io n  of f u e l  i n p u t .  A model i s  t h e r e f o r e  
d e v e lo p ed  i n  w hich  in d e p e n d e n t  v a r i a b l e s  a r e  d e f in e d  
t h a t  a c c o u n t  e x p l i c i t l y  f o r  t h e  c o m p o s i t io n  o f  f u e l  
i n p u t .  In  a d d i t i o n  to  p r o v id in g  e s t im a t e s  o f  p r i c e ,  
t e m p e ra tu re  and o u tp u t  e l a s t i c i t i e s ,  t h e  model 
s t a t i s t i c a l l y  e s t im a t e s  r e l a t i v e  e f f i c i e n c i e s  o f  
f u e l  u s e .
The model was a p p l ie d  to  th e  U.K. m ark e t  f o r  
th e rm a l  e n e rg y  f o r  t h e  p e r io d  I960  to  1974. I t  
pe rfo rm ed  f a v o u ra b ly  a g a i n s t  an a l t e r n a t i v e  model 
u t i l i z i n g  r e p r e s e n t a t i v e  e n g in e e r in g  e s t im a t e s  o f  
e f f i c i e n c y .
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E m p ir ic a l  i n v e s t i g a t i o n s  i n  econom ics , u n l i k e  
o t h e r  s c i e n c e s ,  c a n n o t  be c o n d u c ted  u n d e r  c o n d i t i o n s  
o f  e x p e r im e n ta l  c o n t r o l .  I t  i s  n o t  p o s s i b l e  to  h o ld  
e x t e r n a l  economic f a c t o r s  c o n s t a n t ,  a s s i g n  v a r i o u s  
p r i c e s  t o  a  consumer o r  g ro u p  o f  consum ers , and r e c o r d  
th e  r e s u l t i n g  p u rc h a se  d e c i s i o n s . .  Lack o f  e x p e r im e n ta l  
c o n t r o l  h a s  two im p o r ta n t  consequences?  r e l a t i o n s h i p s  
i n v o lv in g  l a r g e  num bers o f  d e te rm in in g  -v a r ia b le s  m ust 
be exam ined s im u l t a n e o u s ly  and d a t a  n e c e s s a r y  f o r  
e s t i m a t i n g  r e l a t i o n s h i p s  c a n n o t  be g e n e r a te d  by th e  
e c o n o m is t .
A l a b o r a t o r y  s c i e n t i s t  i n v e s t i g a t i n g  th e  r e l a t i o n s h i p  
betw een  two v a r i a b l e s ,  X and Y, can  n e u t r a l i z e  t h e  i n f l u e n c e  
o f  o t h e r  v a r i a b l e s ,  s e t  X a t  v a r i o u s  p r e - a s s ig n e d  l e v e l s  
and  r e c o r d  t h e  r e s u l t i n g  v a lu e s  o f  Y. The r e a d i n g s  o f  
Y a r e  assumed to  c o n s i s t  o f  a  non-random  com ponent, w hich  
i s  a t t r i b u t e d  to  X, and a  d i s tu r b a n c e  te rm ,  r e p r e s e n t i n g  
random m easurem ent e r r o r s ,  w hich  h a s  an e x p e c te d  v a lu e  o f  
z e r o .  S u b je c t  t o  th e s e  a s s u m p t io n s ,  th e  a v e ra g e  r e l a t i o n ­
s h ip  be tw een  X and Y, a l lo w in g  f o r  e r r o r s  i n  m easuring- Y,
1
can  be q u a n t i f i e d  u s in g  t h e  method o f  l e a s t  s q u a r e s .
CHAPTER ONE
INTRODUCTION
1 .1  Some m e th o d o lo g ic a l -problems in  e m p ir ic a l econom ics.
1 .  F .S .  Acton., " A n a ly s is  o f  S t r a i g h t - l i n e  D a ta ",
Dover, 1966.
An econ om is t  i n v e s t i g a t i n g  the . r e l a t i o n s h i p  be tw een  
two v a r i a b l e s  i s  f a c e d  w i th  a  more d i f f i c u l t  p rob lem .
S in ce  economic v a r i a b l e s  canno t be c o n t r o l l e d ,  th e  
i n f lu e n c e  o f  a l l  v a r i a b l e s  m ust be ta k e n  i n t o  a c c o u n t .
W ith an  a d d i t i o n a l  a s s u m p t io n ,  t h a t  no d e te rm in in g  
v a r i a b l e s  a r e  p e r f e c t l y  l i n e a r l y  c o r r e l a t e d ,  t h e  method
o f  l e a s t  s q u a re s  can be g e n e r a l i z e d  to  a c c o u n t  f o r  any
2number o f  v a r i a b l e s .  However, t h e  p o s s i b i l i t y  o f  
a c c o u n t in g  f o r  a l l  d e te r m in in g  f a c t o r s  i s  p r e c lu d e d  
owing t o  th e  c o m p le x i ty  o f  economic p r o c e s s e s .  I n s t e a d ,  
t h e  econom is t  expands t h e  m eaning o f  th e  d i s t u r b a n c e  te rm  
t o  i n c lu d e  a l l  v a r i a b l e s  n o t  e x p l i c i t y  t a k e n  i n t o  a c c o u n t ;  
a  v a l i d  p ro c e d u re  p ro v id e d  th e  a s s u m p t io n s ,  s t a t e d  above, 
c o n c e rn in g  th e  d i s t u r b a n c e  te rm  a re  u p h e ld .  I t  i s  
t h e r e f o r e  p o s s i b l e  t o  in c lu d e  i n  th e  d i s tu r b a n c e  te rm  a  
l a r g e  number o f  i n d i v i d u a l l y  u n im p o r ta n t  d e te rm in in g  
v a r i a b l e s  w hich  te n d  to  c a n c e l  each  o t h e r  o u t .  C o n se q u e n tly ,  
th e  econom is t  m ust ta k e  g r e a t  c a re  i n  s p e c i f y i n g  h i s  m o d e ls .
I f  an  im p o r ta n t  d e te rm in in g  v a r i a b l e  i s  s p e c i f i e d  by m is ta k e  
i n  t h e  d i s t u r b a n c e  te rm , n u m e r ic a l ly  i n c o r r e c t  c o e f f i c i e n t s  
w i l l  be e s t im a te d  when th e  v a r i a b l e  i s  c o r r e l a t e d  w i th  any 
o f  th o s e  in c lu d e d  e x p l i c i t l y  i n  th e  m odel. I f ,  on t h e  
o t h e r  hand , a  s u p e r f lu o u s  v a r i a b l e  i s  e x p l i c i t l y  in c lu d e d ,  
t h e r e  may be p rob lem s i n  e s t a b l i s h i n g  c a u s a l i t y .
2 . J .  J o h n s to n ,  "E cono m etr ic  M ethods” . M cG raw -H ill,
Second E d i t i o n ,  1971.
3 . H. K e l e j i a n  and W. O a te s ,  " I n t r o d u c t i o n  to  E c o n o m e t r ic s " .
H a rp e r  and Row, 1974-
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Given th e  l e a s t  s q u a r e s  t e c h n iq u e ,  t h e  econom is t 
n e ed s  d a ta  to  p r o v id e  q u a n t i t a t i v e  d e s c r i p t i o n s  o f  
economic p r o c e s s e s .  However, s in c e  e x p e r im e n ts  can n o t  
be p e rfo rm e d ,  th e  d a t a  m ust come from  e x t e r n a l  s o u rc e s ,  
s t a t i s t i c a l  j o u r n a l s  and p u b l i c a t i o n s ,  t h a t  a r e  o u t s i d e  
th e  e c o n o m is t ’ s c o n t r o l .  A l a b o r a t o r y  s c i e n t i s t  i s  
a b le  to  d e s ig n  h i s  own a p p a r a t u s ,  th e r e b y  e n s u r in g  t h a t  
he o b t a i n s  a c c u r a t e  o b s e r v a t i o n s  a p p r o p r i a t e  t o  th e  
r e l a t i o n s h i p  he. i s  i n v e s t i g a t i n g ;  an econo m is t  does 
n o t  have  t h i s  a d v a n ta g e .  The d a ta  o f  th e  eco nom is t  
iS  o f t e n  o n ly  a p p ro x im a te ,  su c h  as in d e x  num bers^ , o r  
som etim es may n o t  be a d e q u a te ly  r e p r e s e n t a t i v e  o f  th e  
o b s e r v a t i o n s  r e q u i r e d .
Owing to  th e  expense  o f  c o l l e c t i o n ,  th e  d a t a  p u b l i s h e d
i n  s t a t i s t i c a l  j o u r n a l s  i s  o f t e n  v e ry  l i m i t e d  i n  q u a n t i t y .
The l a b o r a t o r y  s c i e n t i s t ,  on th e  o t h e r  hand , can  g e n e r a te
a s  much d a ta  a s  he  r e q u i r e s  and i t  i s  th ro u g h  th e  r e p e t i t i o n
o f  e x p e r im e n ts  t h a t  c a u s a l  r e l a t i o n s h i p s  be tw een  v a r i a b l e s
5
can  be e s t a b l i s h e d .  The econ om is t  c anno t u s u a l l y  e s t a b l i s h  
c a u s a l i t y  th ro u g h  r e p e t i t i o n  b e ca u se  o f  l a c k  o f  d a ta .
I n s t e a d  he c o n s id e r s  t h a t  h i s  sam ple  o f  d a ta  r e p r e s e n t s  
th e  outcome o f  a  p a r t i c u l a r  s e t  o f  d e c i s i o n s  t h a t  w e re  
made o u t  o f  an i n f i n i t e  number o f  d e c i s io n s  t h a t  co u ld  
have been  m ade.^ By d raw ing  on th e  th e o r y  o f  m a th e m a tic a l
4 .  See, f o r  exam ple, R.G.D. A l le n ,  ”In d ex  Numbers i n  Theory
and P r a c t i c e ” , M acm illan , 1973*
5 . D.W. T heobo ld , "An I n t r o d u c t i o n  to  t h e  P h i lo so p h y  o f
Science", Methuen, 1968.
6 . L .R . K le in ,  "An I n t r o d u c t i o n  to  E c o n o m e tr ic s ".
P r e n t i c e - H a l l ,  1962.
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s t a t i s t i c s ,  m o d if ie d  to a c c o u n t  f o r  a  random e r r o r  te rm ,  
t h e  econo m is t  i s  a b le  to  make an  i n f e r e n c e  a b o u t  a  
p o p u la t io n  on t h e  b a s i s  o f  a;?sample o f  o b s e r v a t i o n s .
However, th e  e s t a b l i s h m e n t  o f  c a u s a l i t y  on t h i s  b a s i s
7
i s  n o t  a lw ays r e l i a b l e  and r e q u i r e s  a  number o f  
a d d i t i o n a l  a s su m p t io n s  r e g a r d i n g  th e  d i s t u r b a n c e  te rm .  
C o n se q u e n tly  i t  i s  im p o r ta n t  t h a t  c a u s a l  r e l a t i o n s h i p s  
i n  econom ics a r e  e s t a b l i s h e d  f i r m l y  on a  p r i o r i  g rounds 
i n  a d d i t i o n  to  th e  i n f o r m a t i o n  g a in e d  from  e m p i r i c a l  
r e s e a r c h .
The d i f f i c u l t y  o f  e s t a b l i s h i n g  c a u s a l i t y  s t a t i s t i c a l l y  
h a s  an  im p o r ta n t  i m p l i c a t i o n  w i th  r e g a r d  t o  th e  r o l e  o f  
e x p e r im e n ta t io n  i n  eco nom ics . I f  t h e  s t a t i s t i c a l  
i n f o r m a t io n  r e l a t i n g  to  a  p a r t i c u l a r  d e te r m in in g  v a r i a b l e  
i n  a  model s u g g e s t s  t h a t  t h e  v a r i a b l e  sh o u ld  have been  
s p e c i f i e d  i n  t h e  e r r o r  te rm , th e  econ om is t  may be g r e a t l y  
tem pted  t o  r e - s p e c i f y  t h e  model w i th o u t  e x p l i c i t l y  i n c l u d i n g  
th e  v a r i a b l e .  However, f o r  a  model to  be  m o d if ie d  on t h e  
b a s i s  o f  t e s t s  p e rfo rm ed  on th e  d a t a ,  a ssum ing  no o t h e r  
s p e c i f i c a t i o n  e r r o r ,  a  h ig h  d e g re e  o f  c o n f id e n c e  n e e d s  to  
be p la c e d  i n  t h e  a d eq u a cy  of the  d a ta  f o r  t e s t i n g  t h e  m odel. 
C o n ce iv ab ly  su ch  c o n f id e n c e  may be j u s t i f i e d  i n  l a b o r a t o r y  
s c i e n c e s  where th e  d a t a  i s  w i t h i n  th e  s c i e n t i s t ’ s c o n t r o l ,  
b u t  i n  econom ics , where d a ta  i s  o b ta in e d  from  e x t e r n a l  
s o u r c e s ,  a  h ig h  d e g re e  o f  c o n f id e n c e  may be m is p la c e d .
7 * For exam ple , t h e  e s t a b l i s h m e n t  o f  c a u s a l i t y  may be 
im p a ire d  i f  t h e  model i s  n o t  c o r r e c t l y  s p e c i f i e d ,  
i f  t h e r e  a r e  s t r o n g  c o r r e l a t i o n s  among d e te rm in in g  
v a r i a b l e s ,  o r  i f  d a t a  i s  i n a c c u r a t e .
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The p rob lem s f a c i n g  th e  econom ist engaged i n  e m p i r i c a l  
r e s e a r c h  a re  n o t  so  much th o s e  o f  q u a n t i t a t i v e  t e c h n iq u e
Q
b u t  r a t h e r  t h e  p rob lem s o f  model s p e c i f i c a t i o n  and d a t a .  
Economic th e o r y ,  which c o n s i s t s  o f  c o n c lu s io n s  l o g i c a l l y  
deduced from  a s s u m p t io n s ,  p r o v id e s  t h e  fram ework f o r  th e  
c o n s t r u c t i o n  of m odels d e s c r i b i n g  c a u s a l  r e l a t i o n s h i p s .
The t a s k  o f  th e  e m p i r i c a l  e cono m is t  i s  to  r e l a t e  t h e  
c o n c lu s io n s  o f  th e o r y  to  th e  a v a i l a b l e  d a t a .  However, 
t h e r e  i s  l i t t l e  he c an  do c o n c e rn in g  th e  q u a l i t y  o f  d a ta  
s in c e  t h e s e  a r e  th e  num bers a l r e a d y  re c o rd e d  i n  s t a t i s t i c a l  
j o u r n a l s  and t h e r e f o r e  o u t s i d e  h i s  c o n t r o l .  The eco n o m is t  
can , however, be aware o f  th e  l i m i t a t i o n s  o f  t h e  d a t a  he 
u s e s ,  e s p e c i a l l y  when draw ing  c o n c lu s io n s  based  on e m p i r ic a l  
r e s u l t s .
1 .2  The e n e rg y /o u t  m t  r e l a t i o n s h i p .
Economic t h e o r y  s u g g e s t s  t h a t  th e  demand f o r  a 
homogeneous f a c t o r  o f  p r o d u c t io n  depends on two main 
d e te r m in a n ts ;  t h e  demand f o r  t h e  p ro d u c t  t h e  f a c t o r
o
p ro d u ces  and th e  t e c h n i c a l  c o n d i t i o n s  o f  p r o d u c t io n .
8 . A. K o u ts o y ia n n is ,  "Theory o f  E c o n o m e tr ic s ". M acm illan , 1973*
9 . R.Gr. l i p s e y ,  "An I n t r o d u c t i o n  to  P o s i t i v e  E conom ics".
Second E d it io n ,  W iedenfe ld  and N ic o ls o n , 1966.
Fg a  Demand f o r  a  homogeneous f a c t o r .
Dp = Demand f o r  th e  p r o d u c t  th e  f a c t o r  p ro d u c e s .
TP = T e c h n ic a l  c o n d i t i o n s  o f  p r o d u c t io n .
The demand f o r  the p ro d u c t  th e  f a c t o r  p ro d u c e s  may be 
r e p r e s e n t e d  by th e  l e v e l  o f  o u t p u t  o f  th e  f i r m  o r  
i n d u s t r y  consum ing th e  f a c t o r .  The demand f o r  a  
f a c t o r  i s  d e r iv e d  from th e  l e v e l  o f  o u tp u t  s i n c e  f a c t o r s  
a r e  consumed n o t  t o  y i e l d  f i n a l  s a t i s f a c t i o n  b u t  t o  
p roduce  goods w anted  by co nsu m ers .  The t e c h n i c a l  
c o n d i t i o n s  o f  p r o d u c t io n  d e te rm in e  t h e  e x t e n t  t o  w hich  
f a c t o r s  can  be s u b s t i t u t e d  i n  t h e  p r o d u c t io n  p r o c e s s .
When th e  p r i c e  o f  a  f a c t o r  i n c r e a s e s ,  t h e  f a c t o r  becomes 
more e x p e n s iv e  r e l a t i v e  t o  o t h e r  f a c t o r s .  T here  w i l l  
c o n s e q u e n t ly  be a  te n d e n c y  f o r  f i rm s  to  sav e  on c o s t s  by 
u s in g  l e s s  o f  t h e  more e x p e n s iv e  f a c t o r  and more o f  t h e  
o t h e r  f a c t o r s .  I f  t e c h n i c a l  c o n d i t i o n s  o f  p r o d u c t io n  
a l lo w  i t ,  f a c t o r s  w i l l  be s u b s t i t u t e d  i n  r e s p o n s e  t o  
changes  i n  p r i c e s .  The i n t r o d u c t i o n  o f  new te c h n o lo g y  
i n  t h e  p r o d u c t io n  p r o c e s s  may a l s o  r e s u l t  i n  a  r e - d i s t r i b u t i o n  
o f  f a c t o r s .
Fh a  f  (0 ,  P , Technology) 1 .2
0 s  O utpu t o f  t h e  i n d u s t r y  consuming t h e  f a c t o r .
P = P r i c e  o f  t h e  f a c t o r .
_ 6 ~
%  = f  (Bp , TP) 1 .1
I f  th e  t e c h n i c a l  c o n d i t i o n s  o f  p r o d u c t io n  a r e  c o n s t a n t ,  
a ssum ing  c o n s t a n t  r e t u r n s  to s c a l e ,  t h e n  th e  demand 
f o r  a  f a c t o r  w i l l  be d i r e c t l y  p r o p o r t i o n a l  t o  t h e  
l e v e l  o f  o u tp u t ,  p ro v id e d  t h a t  o u tp u t  rem a in s  
homogeneous.
PH<* o 
P H = M )
k ss C o n s ta n t  o f  p r o p o r t i o n a l i t y  be tw een  th e  demand 
f o r  a homogeneous f a c t o r  and  o u t p u t .
A f a c t o r  o f  p r o d u c t io n  i s  t h e r e f o r e  homogeneous i f  e v e ry  
component o f  i t  i s  e q u a l ly  e f f i c i e n t  a t  p ro d u c in g  o u tp u t
1 0when th e  t e c h n i c a l  c o n d i t i o n s  o f  p r o d u c t io n  a r e  c o n s t a n t .
I f  P = P1  + P2 + . . .  + P^
and P^ ss k^O
F g  =  kgO
P = Ptt i f  L  = k 0 = . . .  = kn i d  n
Energy i s  a  factoic* o f  p r o d u c t io n  t h a t  c an  e x i s t  a s
p o t e n t i a l  e n e rg y ,  th e rm a l  e n e rg y ,  m ech an ica l  e n e rg y  and
1 1e l e c t r i c a l  e n e rg y .  P o t e n t i a l  energy  i s  t h e  energy
10 . A.W. S t o n i e r  and P .O . Hague, "A Textbook o f  Economic
Theory11, T h ird  E d i t i o n ,  Longmans, 1964.
11 . 0 .  L y le ,  "The E f f i c i e n t  u s e  o f  S team ". H .M .S.O .,
19/17.
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p o s s e s s e d  by a  m a t e r i a l  by v i r t u e  o f  t h e  c o n f i g u r a t i o n  
o f  i t s  atoms and m o le c u le s .  I t  can  e x i s t  i n  many form s 
b u t  o n ly  t h r e e  a r e  u s u a l l y  u sed  i n  th e  p r o d u c t io n  p r o c e s s ;  
o i l ,  c o a l  and g a s .  Thermal en erg y  i s  e n e rg y  r e s u l t i n g  
from  t h e  movement o f  m o le c u le s  and e x i s t s  o n ly  i n  th e  
form  of h e a t .  M ech an ica l  en e rg y  i s  en e rg y  m a n i f e s t  by 
m ec h an ica l  m o tio n .  E l e c t r i c a l  energy  i s  th e  en e rg y  o f  
th e  movement o f  e l e c t r o n s .
The v a r io u s  form s o f  e n e rg y  a r e  c o n v e r t i b l e .  For
exam ple, p o t e n t i a l  en erg y  i n  t h e  form o f  o i l ,  c o a l  and
gas  can  be c o n v e r te d  i n t o  th e rm a l  e n e rg y  by means of
com bustion  r e a c t i o n s  which b re a k  down some o f  th e  bonds
betw een th e  atoms and m o le c u le s  t h a t  r e s t r i c t  movement.
When th e  atom s and m o le c u le s  a r e  f r e e  to  move, h e a t
en e rg y  i s  r e l e a s e d .  Heat e n e rg y  may be u s e d  t o  r a i s e
steam  and th e  s team  used  to  d r iv e  a t u r b i n e ,  t h e  m o tion
o f  t h e  t u r b i n e  b e in g  m e c h a n ic a l  e n e rg y .  E l e c t r i c a l
energy  can be p roduced  from  m ec h an ica l  e n e rg y  by means
1 2o f  a  g e n e r a t o r  o r  dynamo. C o n v e rse ly ,  e l e c t r i c a l  en ergy  
can  be c o n v e r te d  back  i n t o  m ec h an ica l  en ergy  th ro u g h  a 
m otor and h e a t  energy  th ro u g h  an e le m e n t .
Energy i s  s u p p l i e d  t o  i n d u s t r y  a s  p o t e n t i a l  e n e rg y  
and e l e c t r i c a l  e n e rg y .  The u s e  o f  e n e rg y  i n  t h e  
p r o d u c t io n  p r o c e s s  i s  i l l u s t r a t e d  i n  Diagram 1 . P o t e n t i a l  
en e rg y  i n  th e  form  o f  o i l ,  c o a l  and  gas must be c o n v e r te d  
i n t o  th e rm a l  e n e rg y  b e fo r e  i t  can be u sed  i n  t h e  p r o d u c t io n
1 2 .  J . S .  Brame and J .G .  K ing , "F u e l ", S ix th  E d i t i o n ,
Edward A rn o ld ,  196?.
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D ia g ra m  1 T h e r m a l e n e r g y  an d  th e  p r o d u c t i o n  p r o c e s s
FUEL IN PU T
E L E C T R IC IT Y  O IL  COAL GAS
X 1 X2 X3
CONVERSION COMBUSTION
PRODUCTION
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p r o c e s s .  S in ce  th e r m a l  en e rg y  can  o n ly  e x i s t  a s  h e a t
i t  i s  t h e r e f o r e  a  homogeneous f a c t o r  o f  p r o d u c t io n .
The h e a t  p roduced  from  p o t e n t i a l  energy  i s  s u b s e q u e n t ly
combined w i th  o t h e r  homogeneous f a c t o r s  i n  o t h e r
p r o d u c t io n  p r o c e s s e s  t o  p ro d u ce  o u t p u t .  E l e c t r i c a l
en e rg y  can a l s o  be used  t o  p rod uce  h e a t  and c a n ,  i n
a d d i t i o n ,  be c o n v e r te d  d i r e c t l y  i n t o  m e c h a n ic a l  e n e rg y .
However, e l e c t r i c a l  e n e rg y  i s  e x p en s iv e  to  p roduce  and
th e  p r i c e  p e r  u n i t  o f  h e a t  d e r iv e d  from i t  i s  v e ry  much
h i g h e r  th a n  th e  p r i c e  p e r  u n i t  o f  h e a t  d e r iv e d  d i r e c t l y
13from  p o t e n t i a l  en e rg y  s o u r c e s .  C o n se q u e n tly  e l e c t r i c a l  
e n e rg y  i s  u s u a l l y  o n ly  u se d  a s  a  so u rc e  o f  h e a t  when 
t e c h n i c a l  c o n d i t i o n s  do n o t  p e rm i t  th e  u s e  o f  f u e l s .  
E l e c t r i c a l  energy  and  p o t e n t i a l  energ y  may t h e r e f o r e  be 
c o n s id e re d  a s  s e p a r a t e  and d i s t i n c t  f a c t o r s  o f  p ro d u c t io n  
t h a t  p la y  d i f f e r e n t ,  r o l e s  i n  t h e  p r o d u c t io n  p r o c e s s .  ^  
Thermal e n e rg y ,  f o r  t h e  p u rp o se  o f  t h i s  s tu d y ,  w i l l  
h e n c e f o r t h  be d e f in e d  as t h e  h e a t  d e r iv e d  from  p o t e n t i a l  
energy  and w i l l  n o t  in c lu d e  h e a t  c o n v e r te d  from  e l e c t r i c a l  
e n e rg y .
13* See Graph 1 i n  C h ap te r  3»
1 4 . R .E . B a x te r  and R. R ees , A n a ly s i s  o f  th e  I n d u s t r i a l
Demand f o r  E l e c t r i c i t y ,  "The Economic J o u r n a l ". 
Ju n e ,  1968.
1 5 .  A#R. B e l l ,  I n d u s t r i a l .  E l e c t r i c i t y  Consum ption -  An
example o f  an  i n t e r m e d i a t e  good, "J o u r n a l  o f  
I n d u s t r i a l  Econom ical A p r i l ,  1973•
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The consum ption  o f  en ergy  i n  s t a t i s t i c a l  j o u r n a l s  
i s  r e c o rd e d  i n  te rm s  o f  p o t e n t i a l  e n e rg y ,  u s u a l l y  i n  
u n i t s  o f  th e rm a l e q u i v a l e n t s  o r  c o a l  e q u i v a l e n t s .
Somewhat m is l e a d i n g l y ,  t h e  s t a t i s t i c s  a r e  term ed  " h ea t  
s u p p l i e d "  i n s t e a d  o f  " p o t e n t i a l  h e a t  s u p p l i e d " .  The 
th e rm a l  e q u iv a l e n t  o f  a  u n i t  o f  f u e l  m easu res  t h e  amount 
o f  h e a t  c o n ta in e d  w i t h i n  t h e  f u e l .  The c o a l  e q u iv a le n t  
f o r  a  p r im a ry  f u e l  i s  th e  r a t i o  o f  th e  th e rm a l  c o n te n t  
o f  one to n  o f  th e  f u e l  r e l a t i v e  to  t h e  th e rm a l  c o n te n t  
o f  one ton  o f  c o a l .  Coal e q u iv a l e n t s  and th e rm a l  
e q u iv a l e n t s  a r e  t h e r e f o r e  d i r e c t l y  p r o p o r t i o n a l  to  one 
a n o th e r ;  th e  c o n s ta n t  o f  p r o p o r t i o n a l i t y  b e in g  th e  
th e rm a l  e q u iv a le n t  o f  one to n  o f  c o a l .  F o r a  se co n d a ry  
f u e l ,  w hich  i s  a  f u e l  made from  a n o th e r  f u e l ,  t h e  c o a l  
e q u iv a le n t  i s  th e  amount o f  f u e l  t h a t  would be p roduced  
by one to n  o f  c o a l .  Coal e q u iv a l e n t s  f o r  s e c o n d a ry  f u e l s  
t h e r e f o r e  r e f l e c t  th e  e f f i c i e n c y  o f  t r a n s f o r m a t i o n  from  
one f u e l  t o  a n o t h e r .  However, n e i t h e r  th e rm a l  e q u i v a l e n t s  
n o r  c o a l  e q u iv a l e n t s  r e f l e c t  t h e  e f f i c i e n c y  o f  c o n v e r t in g  
f u e l s  t o  th e rm a l  e n e rg y .
In  Diagram 1 th e  p o t e n t i a l  h e a t  s u p p l ie d  by o i l  i s  
X-^  th e rm s ,  th e  p o t e n t i a l  h e a t  s u p p l ie d  by c o a l  i s  X2 th e rm s ,  
and  t h e  p o t e n t i a l  h e a t  s u p p l i e d  by gas  i s  th e rm s
F  = Xx + X2 + X^
F ax P o t e n t i a l  h e a t  s u p p l ie d  by f u e l s .
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I f  Yd i s  th e  u s e f u l  h e a t  y i e l d e d  by o i l ,  Y2 th e  u s e f u l  
h e a t  y i e l d e d  by c o a l  and Y^ th e  u s e f u l  h e a t  y i e ld e d  by 
g as
th e n  Y = Yj^  + Y2 +
Y = U se fu l  h e a t  y i e l d e d  by f u e l s  ( i . e .  th e rm a l  e n e rg y )
I t  i s  th e  u s e f u l  h e a t  y i e ld e d  by f u e l s  (Y) t h a t  i s  u se d  
i n  th e  p r o d u c t io n  p ro c e s s  r a t h e r  th a n  th e  p o t e n t i a l  h e a t  
s u p p l i e d  (F) t h a t  th e  s t a t i s t i c s  d e s c r i b e .  The e f f i c i e n c y  
o f  f u e l  u se  may be  d e f in e d  a s  t h e  u s e f u l  h e a t  y i e l d e d  by a 
f u e l  r e l a t i v e  to  t h e  p o t e n t i a l  h e a t  s u p p l i e d  by th e  f u e l .
Average e f f i c i e n c y  o f  f u e l  u se  = E = Y/F
e f f i c i e n c y  o f  o i l  u se  = = Y^/Xy
e f f i c i e n c y  o f  c o a l  u s e  = e 2 = Y2/X 2
e f f i c i e n c y  o f  g as  u s e  = = Y^/x^
P o t e n t i a l  h e a t  s u p p l i e d  w i l l  o n ly  be a  m easure  o f  th e rm a l  
en e rg y  i f  i t  i s  eq u a l  o r  p r o p o r t i o n a l  t o  t h e  u s e f u l  h e a t  
y i e l d e d  by f u e l s .
I f  Y = F e d = ©2 = e^ » 1
I f  Y F e^ ss e 2 = e^ = c o n s t a n t .
I t  i s  n e c e s s a r y  t o  examine t h e  com bustion  p r o c e s s  f o r  
f u e l s  t o  a s s e s s  w h e th e r  f u e l s  c a n  be u se d  w i th  p e r f e c t  
o r  e q u a l  e f f i c i e n c y .
1*3 The com bustion p ro c e s s .
O i l ,  c o a l  and gas c o n s i s t  m a in ly  o f  compounds 
o f  hyd rogen  and c a rb o n .  A f u e l  i s  b u rned  by i n t r o d u c in g  
i t  i n t o  a  h o t  en v iro n m en t w hich  c o n ta in s  a i r  o r  oxygen 
where i t  u n d e rg o e s  th e r m a l  d e c o m p o s i t io n  u n t i l  v e ry  
sm a l l  m o le c u la r  f r a g m e n ts  a r e  fo rm ed . As th e rm a l  
d e co m p o s i t io n  o c c u r s ,  t h e  m o le c u la r  f r a g m e n ts  r e a c t  
w i th  t h e  oxygen i n  th e  a i r  to  g iv e  c a rb o n  d io x id e  and 
w a te r  t o g e t h e r  w i th  t h e  r e l e a s e  o f  h e a t .  The r e a c t i o n s  
betw een ca rb o n  and oxygen and hydrogen  and oxygen in v o lv e d  
i n  th e  com bustion  p r o c e s s  a r e  s t a t e d  below .
C + 0 2 + 3 .79N 2 -> C02 + 3.79N2
+ 174 ,480  B . t . u .  
and 2-H2 + 0 2 + 3.79N2*> 2H20 + 3.79N2
+ 245 ,950  B . t . u .
In  th e  co m bus tion  p r o c e s s  th e  maximum amount o f  
h e a t  i s  o b ta in e d  from  th e  f u e l  i f  th e  com bus tion  i s  
com ple te  and r e a l i s e d  w i th  t h e  minimum amount o f  a i r .
The minimum amount o f  a i r  i s  u se d  when th e  f u e l  and 
a i r  a r e  p e r f e c t l y  m ixed . I f  t h e  com bustion  i s  
in c o m p le te  b e c a u se  t h e r e  i s  i n s u f f i c i e n t  a i r  o r  
in a d e q u a te  m ix ing  o f  t h e  f u e l  and a i r ,  hydrogen  and 
c a rb o n  e sca p e  i n  th e  f l u e  g a s e s  ( t h e  w as te  p ro d u c ts
o f  t h e  com bus tion  p r o c e s s ) .  C o n se q u e n tly  some o f
  ~ ' ■!■--- - - . - -  — .........
16 . J .C .  M acrae, "An I n t r o d u c t i o n  to  th e  S tudy  o f
F u e l ", E l s e v i e r ,  1966.
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t h e  p o t e n t i a l  h e a t  w i t h in  th e  f u e l  i s  w a s te d .  I f ,  
on t h e  o t h e r  han d , to o  much a i r  i s  u sed  t o  e n s u re  
com ple te  c o m b u s tio n , t h e  volum e o f  th e  f l u e  g a s e s  
I n c r e a s e s  and t h i s  c a u s e s  an  a d d i t i o n a l  l o s s  o f  h e a t  
i n  th e  form  o f  t h e  s e n s i b l e  h e a t  o f  th e  e x c e s s  a i r  
( t h a t  i s ,  t h e  h e a t  a b so rb e d  by t h e  e x c e s s  a i r ) .
I f  th e  f u e l  and a i r  a re  p e r f e c t l y  mixed so t h a t  
t h e  t h e o r e t i c a l  minimum q u a n t i t y  o f  a i r  can  be u sed  
t o  a c h ie v e  c o m p le te  c o m b u s tio n , th e  w aste  p r o d u c t s  o f 
com bu s tio n  w i l l  c o n s i s t  m a in ly  o f  c a rb o n  d i o x id e ,  w a te r  
( a s  steam ) and n i t r o g e n .  The s e n s i b l e  h e a t  o f  th e  * ■' 
w a s te  g a s e s  w i l l  be l o s t  s i n c e ,  i n  n o rm al p r a c t i c e ,  
t h e  g a se s  c a n n o t  be c o o le d  t o  room t e m p e r a tu r e .  In  
a d d i t i o n ,  t h e  w a te r  g iv e n  o f f  d u r in g  th e  r e a c t i o n  i s  
c o n v e r te d  i n t o  s team  and t h i s  c a u s e s  a d d i t i o n a l  h e a t
1 7l o s s  due to  t h e  l a t e n t  h e a t  o f  v a p o r i z a t i o n  of s team . ' 
C o n seq u en tly  f u e l s  can n o t  be u sed  w i th  p e r f e c t  
e f f i c i e n c y .  The e f f i c i e n c y  o f  f u e l  u s e  w i l l  depend 
on th e  e a se  w i th  w hich  th e  f u e l  can be mixed w i th  a i r ,  
t h e  volume o f  th e  w a s te  g a s e s ,  and th e  amount o f  w a te r  
p roduced by t h e  co m bus tion  r e a c t i o n .  S ince  o i l ,  c o a l  
and g as  have d i f f e r e n t  p h y s i c a l  fo rm s an d , a l th o u g h  a l l  
h y d ro c a rb o n s  d i f f e r  i n  c o m p o s i t io n ,  i t  i s  l i k e l y  t h a t  t h e  
com b us tio n  e f f i c i e n c i e s  o f  the  f u e l s  d i f f e r .
The m ix ing  o f  o i l  and a i r  i s  a c h ie v e d  by i n j e c t i n g  
th e  o i l  i n t o  th e  com bu s tio n  space  so t h a t  i t  d i f f u s e s
17* D epartm ent o f  E nergy , "The S e n s ib le  Use o f  L a te n t
H eat" ,  H .M .S .O ., 1976.
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w i th  t h e  a i r  a s  a  f i n e  s p r a y  o r  v a p o u r .  C o n se q u e n tly  
th e  o i l  and a i r  can  he mixed f a i r l y  e a s i l y  and o n ly  a  
sm a ll  amount o f  e x c e s s  a i r  i s  n e c e s s a r y  f o r  com ple te  
com b u s tio n .
S o l id  f u e l s  m ust e i t h e r  be burned a s  a  f i n e l y  
ground powder which i s  blown i n t o  a  l a r g e  com bustion  
chamber by a  b l a s t  o f  a i r  o r  on a  g r a t e  th ro u g h  w hich 
an  upward c u r r e n t  o f  a i r  p a s s e s .  I f  c o a l  i s  bu rned  i n  
th e  p u lv e r i z e d  fo rm , t h e  m ix in g  o f  a i r  and c o a l  i s  v e ry  
s i m i l a r  to  t h e  m ix in g  o f  a i r  and o i l  a s  t h e  p a r t i c l e s  
o f  c o a l  e a s i l y  d i f f u s e  w i th  a i r .  However, owing to  
t e c h n i c a l  p ro b lem s , su c h  a s  t h e  e r o s i o n  o f  f u r n a c e  w a l l s ,
18p u lv e r i z e d  f u e l  i s  n o t  widely u se d  o u t s i d e  power s t a t i o n s .
When c o a l  i s  bu rn ed  o n .a  g r a t e  i t  i s  c o n v e r te d  i n t o  
coke and v o l a t i l e  m a t t e r  w hich  b u rn s  above t h e  f i r e b e d .
The coke , w hich  i s  m a in ly  c a rb o n ,  u n d e rg o e s  f u r t h e r  
com bustion  p ro d u c in g  c a rb o n  d io x id e  t o g e t h e r  w i th  t h e  
r e l e a s e  o f  h e a t .  I f  t h e r e  i s  n o t  enough oxygen to  
combine w i th  a l l  o f  th e  coke to  form c a rb o n  d io x id e ,  
some o f  t h e  oxygen m o le c u le s  a r e  d i s t r i b u t e d  among th e  
ca rb o n  atoms on a  one to  one b a s i s  so  t h a t  c a rb o n  monoxide 
i s  fo rm ed.
2G + 0 2 + 3 .7 9 N 2 2G0 + 3 .7 9 N 2
+ 52,4-40 B . t . u .
1 8 . I .G .C .  Dryden ( E d i t o r ) ,  "The E f f i c i e n t  Use o f  E n e rg y ", 
I .P .O .  S c ien c e  and T echnology P r e s s ,  1975.
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This results in the loss of around 70$ of the heat
19content of the carbon in the carbon monoxide.
It is not practicable to avoid the formation of 
carbon monoxide in the combustion of coal. The 
formation of carbon monoxide is minimised if the 
thickness of the firebed, the coal and coke on the 
grate, is as small as possible. However, if the 
firebed is too thin, holes are formed through which 
the primary air might pass unused and this would 
expand the volume of the flue gases causing loss 
of heat.
The potential heat lost through the formation 
of carbon monoxide may be reclaimed by burning the 
carbon monoxide together with the volatile matter 
produced by the combustion of coal.
c + i(02) + 3.79N2 C02 + 3.79N2
+ 122,040 B.t.u.
The combustion of these gases requires a secondary 
supply of air above the firebed; the amount of 
secondary air needed depends on the amount and nature 
of the combustible gases evolved at any one time.
The composition of gases above the firebed is not 
constant but depends on the stage of the combustion 
process so the amount of secondary air must be
19* W. Francis, "Fuels and Fuel Technology".
Volume 1, Pergamon, 1965.
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continuously altered.
The successful combustion of coal on a grate 
consequently, requires the correct proportioning of 
primary and secondary air supplies. To sustain 
combustion, fresh coal must be continuously added 
to the firebed. As fresh coal is added, primary 
and secondary air requirements change and it is the 
variation of air requirement that causes difficulties 
in achieving high combustion efficiencies. Consequently 
the complete combustion of coal usually requires 35-45$ 
excess air. Liquid fuels can therefore be burned with 
much less excess air than coal but some of this advantage 
is cancelled out because more water is produced by oil 
which causes heat loss through latent heat of vaporization.
Gas, because it has the same physical form, is the
easiest fuel to mix with air and very little excess air
is necessary for complete combustion* However, heat is
lost because gas produces considerably more water vapour
20than other fuels.
It must be concluded that potential heat supplied 
data does not measure thermal energy because the combustion 
process is never perfectly efficient. In addition, although 
oil and gas are likely to be burned with similar efficiency, 
coal, when burned on a grate, will be significantly less 
efficient.
20. J.H. Harker and D.A. Allen, "Fuel Science". Oliver
and Boyd, 1972.
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1.4 Independent estimates of__: thermal off i cien cy .based.
on engineering data.
One approach to the problem of differential fuel 
efficiency is to use independent estimates of fuel 
efficiency based on engineering data. A selection of 
these estimates is given in Table 1.
The efficiencies estimated by Franois and the 
National Economic Development Office cover a range of 
values. The minimum efficiency of coal represents 
combustion on the grate of a hand fired boiler whereas 
the maximum efficiency refers.to coal burned in pulverized 
form as a cloud of dust. Efficiency ranges of this type 
provide useful guidelines but are of limited use in 
quantitative research since very wide ranges of relative 
efficiency are implied as shown in Tables 2 and 3 where 
the efficiencies of coal and gas are expressed relative 
to the efficiency of oil.
The minimum relative efficiency values were obtained 
by dividing the minimum absolute estimated efficiencies 
of coal and gas by the maximum absolute estimated 
efficiency of oil. Conversely, the maximum relative 
efficiency values were obtained by dividing the maximum 
absolute estimated efficiencies of coal and gas by the 
minimum absolute estimated efficiency of oil.
Point estimates, such as those produced by Nordhaus 
and Cambridge Information and Research Services Ltd., 
arbitrarily assume a representative efficiency.based on
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Table 1.
Heat
Independent estimates of thermal efficiency 
based on engineering data for the industrial 
sector.
Estimated Efficiency ($)
Source A B C D
min. max. min. max.
Oil 60 65 85 80 80 89
Coal 45 50 85 70 40 90
Gas 60 65 85 85 80 90
Electricity 85 90 99 100
Sources: A "Energy for Industry 197611. Cambridge Information
and Research Services Ltd., 1976.
B National Economic Development Office, "Energy
Conservation in the United Kingdom" H.M.S.O., 1974
U W.D. Nordhaus, The Demand for Energy; 'An
International Perspective. In 'Proceedings 
of the Workshop on Energy Demand1] IIASA, CP-7 6-1, 
International Institute for Applied Systems 
Analysis, 1976.
D W. Francis, 'Fuels and Fuel Technology'.1 Volume 2, 
Pergamon, 1965*
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Table 2. Efficiency ranges for coal and gas relative 
to oil implied bv the National Economic 
Development Office estimates.
Heat
Source
Efficiency Relative to Oil 
Minimum Maximum
Coal
Gas
0.59
0 .7 6
1.31
1.31
Table 3* EfXici^ency_ranj^s_.for coal and gas relative
to oil implied bv the Francis estimates.
Heat Efficiency Relative to Oil
Source Minimum Maximum
Coal
Gas
0.45
0 .9 0
1.13
1.13
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efficiencies, for example, are subjective estimates
21derived from data provided by Hottel and Howard.
The differences in efficiency.values given in 
Table 1 reflect the approximate and arbitrary nature 
of engineering estimates. In addition, these values 
are theoretically possible values ratfier than 
efficiencies realised in practice. A survey carried 
out by the National Industrial Fuel Efficiency Service 
Ltd., suggests that there is, in fact, a large
difference between realised efficiency and potential
22efficiency. However, if the assumption that 
theoretical efficiencies and realised efficiencies 
are proportional to one another can be made, the 
distinction is unimportant since in econometric work 
only relative efficiencies are necessary for calculating 
elasticities.^
a range of engineering estimates. The Nordhaus
21. H.C. Hottel and J.B. Howard, "New Energy Technology:
Some Faots and Assessments". Massachusetts 
Institute of Technology, 1971.
22. W. Short, Making Energy Value for Money, "Nature".
Volume 249, June 21, 1974.
23* F. Gerard Adams and Peter Miovic, On Relative Fuel 
Efficiency and the Output Elasticity of Energy 
Consumption in Western Europe, "Journal of 
Industrial Economics". Volume XVII,
November, 1968.
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In Table 4- the absolute efficiencies given in Table 1 
are converted into relative efficiencies by dividing each 
set of efficiency values by the efficiency value for oil 
in each particular set. The minimum and maximum values 
in the Francis and National Economic Development Office 
estimates are treated as different sets. However, since 
the maximum efficiency of coal represents coal burned as 
a cloud of dust, the efficiency sets including the maximum 
efficiency of coal are not appropriate for coal burned on 
a grate. Neglecting the two efficiency sets incorporating 
the efficiency of pulverized fuel use, the mean efficiency 
of coal relative to oil is 0.73 and the mean efficiency of 
gas relative to oil is 1.02. The efficiencies given by 
Cambridge Information and Research Services Ltd. therefore 
appear to be the most representative estimates.
Engineering estimates of efficiency confirm that there 
is a significant difference in the efficiency of use of 
coal compared with oil and gas. However, these estimates 
are approximate and, to a certain extent, arbitrary. It 
is for these reasons that official energy statistics are 
not published in conjunction with efficiency data.2^ ’ 2^
24. "Digest of United Kingdom Energy Statistics, 1975”,
H.M.S.O., 1976.
25* W.N.T. Roberts and W.A. Hawkins, Energy Balances - 
Some Recent Developments, "Statistical News".
H.M.S.O., November 1976.
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Table 4. Independent estimates’of relative thermal 
efficiency based on engineering data for 
the industrial sector.
Heat Estimated Efficiency Relative to Oil
Source A B C D
min. max. min. max.
Coal 0.75 0.77 1.00 0.88 0.50 1.01
Gas 1.00 1.00 1.00 1.06 1.00 1.01
Sources: See Table 1.
1•5 Index numbers as a measure of thermal energy.
The difficulties involved in obtaining appropriate 
and reliable estimates of thermal efficiency have caused 
many researches to measure demand in terms of potential 
heat - therms or coal equivalents - rather than thermal 
energy. An alternative to using inappropriate physical 
measures has been suggested by Turvey and Nobay who 
argue that "expenditure at constant prices constitutes 
a better measure where fuels are aggregated or compared".
According to Turvey and Nobay the proper conversion 
factors for different fuels are "their marginal rates of 
transformation in production or their marginal rates of 
substitution in consumption". Since marginal cost data
26. R. Turvey and A.R. Nobay, On Measuring Energy
Consumption, "The Economic Journal".
Volume 75, 1965.
are not available, they suggest the use of price or 
average revenue weights. However, Adams and Miovio 
have pointed out that the Purvey and Nobay technique 
may not have very widespread applicability because 
fuels meet at the margin in very few uses.
Additionally, they state that even when several fuels 
are used for the same purpose, the price relationship 
may not reflect the marginal rates of transformation 
because of the long time lag required until the capital 
equipment can be converted so that desired fuel use can 
be realised.
If expenditure at constant prices is used to measure 
energy demand
Q = ^ piO<1i t
where Q = Expenditure in constant prices
Pi0 = Price per therm of 'fuel i ’ in base year 0
and q^ .^ = Quantity in therms of ’fuel i* consumed
in year t.
The expression above is the numerator, and variant 
component, of a laspeyres' quantity index. ^
27- C.T. Clarke and L.L. Schka.de, "Statistical Methods 
for Business Decisions". South Western Publishing 
Company, 1969*
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Thermal energy is defined as
T _ 1.4
where
and
Y = Thermal energy
= Efficiency of use of 'fuel i'
Comparing equations 1.3 and 1.4* for expenditure at
constant prices to he a measure of thermal energy, the
price ratios of fuels should correspond to efficiency ratios.
In Table 5 the price per therm of coal and gas relative
to oil are given for the period I960 to 1974* The mean
coal/oil price ratio is 1.05, suggesting that coal is used
with greater efficiency than oil, and varies between 0.50
and 1.32. The mean gas/oil price ratio is 2.58, suggesting
that gas is used very much more efficiently than oil, and
varies between 0.40 and 3*89. Both the coal and gas price
ratios contradict the engineering estimates of efficiency
given in section 1 .4 .
Like other nationalized industries, the coal and gas
industries implement pricing policies 'with reference to
28the costs of particular goods and services provided1.
28• "Nationalized Industries: A Review of Economic and
Financial Objectives". H.M.S.O., Cmnd. 3437, 1967.
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Table 5. Price per therm of coal and gag
relative to oil 1960 to 1974
Year Price per therm relative to.Oil
Coal Gas
1960 1.03 3.20
1961 1.17 3.56
1962 1.09 3.27
1963 1.15 3.45
1964 1.23 3-68
1965 1.32 3-89
1966 1.26 3.71
1967 ' 1.03 3.19
1968 0.93 2.93
1969 0.96 2.61
1970 1.15 2.02
1971 0.92 0.98
1972 0.98 0.91
1973 1.09 0.99
1974 0.50 0.40
Source: Derived from the "U.K. Digest of Energy 
Statistics". various issues, See Appendix B.
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to reflect more the cost of production than the
efficiency of fuel use. The steady decline of the
gas/oil price ratio since 1967, for example, reflects
more the lower cost of gas recovered from the North
29Sea compared with manufactured gas and not a decrease 
in the thermal efficiency of gas. Similarly the decrease 
in the coal and gas price ratios in 1974- was not a 
consequence of an increase in the efficiency of oil 
use but the result of a large increase in the price of 
crude oil. The arguments of Adams and Miovic against 
using expenditure at constant prices to measure energy 
demand therefore appear to be justified.
1.6 The Adams and Miovic method.
A further alternate for dealing with efficiency, 
suggested by Adams and Miovic, is to estimate relative 
efficiency statistically. According to Adams and Miovic, 
if there is no substitution between fuel input-and other 
factors of production, there is proportionality between 
fuel input, adjusted for differential efficiency of the
Consequently the prices of coal and- gas have tended
29. G.L. Reid, ICevin Allen and D.H* Harris, "The 
Nationalized. Fuel Industries". 
Heinemann, 1973*
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0 c< y
i.e. 0 = zY 1.5
where 0 = Output.
Y = Fuel input adjusted for differential
efficiency of the component fuels, 
z = constant of proportionality.
Fuel input adjusted for differential efficiency of 
use is the useful heat released after combustion has 
taken place. Y can therefore be defined as
Y ” elxl + e2x2 + e3x3 1.6
where = Heat supplied in therms by fuel 1.
x2 = Heat supplied in therms by fuel 2.
x^ = Heat supplied in therms by fuel 3*
e-^  = Efficiency of use of fuel 1.
©2 = Efficiency of use of fuel 2.
= Efficiency of use of fuel 3.
Equation 1.6 is of little use as it stands because 
the useful heat released after combustion, Y, cannot 
be directly observed. The Adams and Miovic innovation 
is to use output (0) as a proxy for Y ; this can be 
done if there is proportionality between 0 and Y.
Multiplying 1.6 by z
component fuels, and output.
zY = zeixi + ze2x 2 + ze3 x 3 1.7
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Substituting 1.5 in 1*7
0 = z e ^x2. + z e 2x 2 + z e j x j 1 .8
that is, 0 = . bjX-^  + b2x2 + b3x3
where bx =* z e i
b2 “ z e 2
and
A regression, forced through the origin, with fuel 
inputs measured in therms as independent variables 
and output as the dependent variable will therefore 
yield coefficients which are proportional to the 
efficiencies of fuel use. Relative efficiencies can 
therefore be obtained by dividing the coefficients by 
one another.
i . e .  "^ 2 z e 2 e 2
Adams and Miovic suggest that these values of relative 
efficiency are used to weight energy consumption so 
that the output elasticity with respect to energy 
consumption can be calculated. However, a point that 
Adams and Miovic do not seem to recognise is that by 
assuming 0 directly proportional to Y, they are 
constraining the elasticity of 0 with respect to Y to
ze1
and ^
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Output elasticity - dY = dY.0
Y dO Y
dO
"U
Since 0 = zY and Y = 0
z
0 = z and dY = 1
Y dO z
Output elasticity = l.z = 1
z
The Adams and Miovic technique therefore estimates relative 
efficiency factors subject to the constraint that the 
output elasticity is unity.
As discussed in section 1.2 the consumption of a 
homogeneous factor of production will be directly 
proportional to output if the technical conditions of 
production are constant. Since Adams and Miovic assume 
proportionality between 0 and F they are assuming that 
the technical conditions of production are constant. 
Consequently the price elasticity of demand for energy 
must be zero since energy does not substitute for other 
factors of production. Also, since the output elasticity 
is constrained to unity, the effects of technology, whether 
in the form of economies of scale or investment in new and 
more efficient equipment, are not taken into account. 
Although Adams and Miovic have suggested an ingenious 
method for dealing with efficiency, it unfortunately is 
subject to the severe limitations of zero price elasticity 
and constant technology.
unity. This can be shown with calculus;
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The task of the practical economist is to relate 
the models of economic theory to data. This study is 
concerned with the demand for a factor of production, 
thermal energy derived from fuels, that is consumed in 
the form of heat. Economic theory suggests that the 
demand for a homogeneous factor of production (Fjj) is 
a function of the level of output (0) of the consuming 
industry, the price (P) of the factor and technology:
i.e. Fjj = f (0, P, Technology)
Thermal energy is.a homogeneous factor of 
production if it is measured in terms of heat.
However, data of this type is not available; only 
estimates of heat contained within fuels is published. 
Heat is released from fuels by means of c o m b u s t i o n  
reactions which involve the mixing of fuel and air 
at high temperature. Since fuels have different 
physical forms, the mixing with air differs among fuels 
and this leads to differences in the amount of heat that 
can be recovered from the fuels. The proportion of heat 
recovered from a fuel is known as the efficiency of fuel 
use.
To measure thermal energy it is therefore necessary 
to have knowledge of the efficiencies of fuel use. 
However, estimates derived from engineering sources are 
not completely satisfactory since they are approximate 
and arbitrary in nature and are not considered to be
1.7 Conclusion: A definition of the problem.
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reliable enough by the Department of Energy to be 
published in conjunction with fuel consumption data.
An alternative, suggested by Turvey and Nobay, is to 
use expenditure at constant prices which implies that 
the relative prices of fuels should reflect the relative 
efficiencies of fuel use. Unfortunately, the price 
ratios of coal to oil and gas to oil for the period 
I960 to 1974 contradict efficiency ratios to such an 
extent that they cannot be relied upon. Adams and 
Miovic have suggested several reasons why expenditure 
at constant prices is not a reliable measure of energy 
demand. A statistical method for dealing with the 
problem of efficiency was forwarded by Adams and Miovio 
but this proved to be too restrictive as it did not allow 
for the effects of price or technology.
An alternative methodology for dealing with 
efficiency is presented in the following pages. Rather 
than attempting a direct definition in homogeneous terms, 
energy is aggregated as potential heat supplied (F) and
independent variables (H-^ Hjj) are defined, describing
the composition of fuel input, that account for the non- 
homogeneous expression of the dependent variable.
F = f (0, P, Technology, ....  H^)
The model, which statistically estimates relative 
efficiencies of fuel use in addition to price and output
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elasticities, is compared with a demand function 
utilizing efficiencies derived from engineering data. 
Indirect comparisons of alternative efficiency estimates 
are also made with models describing the market shares 
of heat derived from different fuels.
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CHAPTER TWO
EFFICIENCY FUNCTIONS AND DEMAND FUNCTIONS
2.1 The efficiency/demand function.
2*11 Defining proportionate efficiency.
Absolute efficiency may be defined as the ratio 
of the useful heat released from fuel by combustion 
reactions, or thermal energy, to the heat content of 
the fuel, or potential heat supplied.
Absolute efficiency = Y 2.1
F
where Y = Thermal energy.
and F = Potential heat supplied.
Proportionate efficiency may be defined as absolute 
efficiency multiplied by a constant
PE = k.Y 2.2
F
where PE = Proportionate efficiency
and k = Constant of proportionality between
absolute efficiency and proportionate 
efficiency.
In the following sections the factors determining 
proportionate efficiency are examined. From this 
analysis a demand function is derived.
- 35 -
2.12 The efficiency function for one fuel.
In a market in which only one fuel, F-^ , is consumed, 
assuming other factors such as the technical conditions of 
production do not vary, the proportionate efficiency of 
fuel use will be constant > and gives the following technical 
relationship
PE = Constant 2.3
The constant measures the product of absolute efficiency 
and the constant of proportionality, k, between absolute 
efficiency and proportionate efficiency. Equation 2.3 
can also be expressed in logarithmic form.
logPE &1 2.4
where a1 a A constant
Equation 2.4 expresses proportionate efficiency in the 
most convenient form for deriving a demand function 
from which elasticities can be estimated.
2.13 The efficiency function for two fuels.
Suppose the market now consists of two fuels,
F^ and F2, and the other factors affecting proportionate 
efficiency remain invariant. If the two fuels are 
used with different efficiencies, then the proportionate 
efficiency of fuel use will depend on the composition of 
fuel input. If F-^  is used more efficiently than F2, the 
greater the proportion of F^ consumed, the greater the
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proportionate efficiency of fuel use. Conversely, if 
F^ is used less efficiently than F2, the greater the 
proportion of F^ used, the lower the proportionate 
efficiency of fuel use. A convenient form for estimating 
the function is
logPE = a1 +'a2SF2 + ut g ~
where SF^ = Proportion of potential heat supplied by F^
ut = Normally distributed error
and = Coefficient of SF^
The coefficient of SFg may be interpreted in the 
following manner:
If = Proportionate efficiency of F^
and PKPg = Proportionate efficiency of F^
When only F^ is consumed
S f 2 = 0, logPK = logPJSB = altPiSP1 = log-1^ )
When only F^ is consumed
S1’2 = 1, logPE = logPEFg = ax + a2,. /. PEffg = log"1 (a1 + a2)
The proportionate efficiency of is the antilogarithm of
the constant term and the proportionate efficiency of F2 is
the antilogarithm of the sum of the constant term and the
coefficient of SP2. The efficiency of F2 relative to F-^  
is given by the ratio of the proportionate efficiency of
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expression can be expanded further:
If e^ = Efficiency of use of F^ 
and e2 = Efficiency of use of F2
F2 to the proportionate efficiency of This
then '2 = PEF,
and log e2 = log p k f 2
el
= log PEF2 - log PE1?1
—  "^1 a 2 —'
ss a,
2 = log-1 (a2)
The efficiency of F2 relative to F-^  is therefore given 
by the antilogarithm of the coefficient of SF2*
2-14 The efficiency function for n fuels.
The efficiency function can be expanded to cover 
any number of fuels. In the efficiency function for 
two fuels it was only necessary to include the proportion 
of potential heat supplied by one of the fuels. Similarly, 
when there are n fuels in the market, it is only necessary
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to have variables describing the proportions of potential 
heat supplied by n-1 of the fuels. Again, assuming that 
all other factors affecting proportionate efficiency are 
constant, the efficiency function for n fuels becomes:
logPE = a-, + a QSF9 + . . . .  + a SF + u, 2 . 6± d d n n t
where SF^ = Proportion of heat supplied by F
a^ = coefficient of SF^
If PEF^ = Proportionate efficiency of Fn
When only Fn is consumed
SFn = 1,  SF2 = 0,  ........... , SFn^  » 0 ,
logPE a logPEFn - a-^  + an logPEFn = log~1(a1 + an )
Consequently, as in section 2.13 s
e PEFJG = _a
e!  P^ 1
= log"1 (an )
Where en = Efficiency of use of Fn
The antilogarithm of the coefficient of SF^ is therefore 
the efficiency of F relative to the efficiency of FnXI «
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The efficiency function developed in the previous
section accounts only for differences in the relative
efficiency of fuel use. As output expands, however,
new technology can be employed in the production process
through investment in new capital equipment and this can
result in a higher absolute efficiency of fuel use. In
the Adams and Miovic model, changes in the absolute
efficiency of fuel use are not accounted for because
the output elasticity is constrained to unity by the
assumption that fuel input adjusted for the relative
efficiency of fuel use is proportional to output. An
alternative and less restrictive assumption is that fuel
input adjusted for both relative and absolute efficiency
(that is, thermal energy) is proportional to output raised
to a constant exponent. This suggests the following behaviour­
al relationship
Y °C  0b
i.e. kY .= 0b 2.7
where Y = Thermal energy or fuel input adjusted for 
both relative and absolute efficiency.
0 = Output.
k as Constant of proportionality between output 
and thermal energy.
2*15 Efficiency and technology.
b = Constant.
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In general b is likely to have a value of less than 
unity because as output expands, less fuel input 
adjusted for relative fuel efficiency is required to 
produce a unit of output if technically more efficient 
equipment is used to produce the increment in output.
2.16 The basic efficiency/demand function.
Using the results derived it is possible to 
transform the efficiency function into a demand function 
for fuels that accounts for the efficiencies of fuel use.
Substituting equation 2.7 in equation 2.2
EE = 0^ 
F 2 .8
Taking logarithms equation 2.8
logPE = log 0_ 
F
2.9
Expanding equation 2.9
logPE = logOb - log]?
i.e. logPE - blogO - logF 2 .1 0
Equating equation 2.10 and equation 2.6
blogO - logF =s a1 + a2SF2 + 2.11
+ ut
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2.13
2 .1 2
logF = b^* b2SF2 + ... + + c^logO 2.14
nwhere e2 = log- (-t>2)
V
and en = log’"1(-'bn )
el
Equation 2.14 shows the basic energy/output relationship 
with the dependent variable measured in terms of potential 
heat supplied and with additional independent variables, 
describing the composition of fuel input, that account 
for the non-homogeneous expression of the dependent 
variable. The double logarithmic relationship between 
output and fuel input means that c.^ , the coefficient of
-  logF  =s a-^  + a2SE2 + . . .  + an s;pn -  blogO
+ u , t
Multiplying equation 2 . 1 2  by - 1
logF = - a-^  - &2SF2 - ... -■ + blogO
Re-arranging equation 2.11
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logo, represents the output elasticity1 with respeOt to 
fuel input with the influence of differential efficiency 
taken into account. However, there are other factors 
apart from output and efficiency that determine the 
demand for fuel Input; these are examined below.
2.17 The extended efficiency/demand function.
2*171 Price and efficiency/demand.
Following the discussion in section 1.2, the demand 
for a homogeneous factor of production, apart from depending 
on output and technology, will also depend on the price of 
the homogeneous factor. Allowing for differential fuel 
efficiency, other influences on demand remaining constant, 
if there is an increase in the price of fuel, industrial 
fuel users will attempt to reduce their input of fuel; 
this can be done through increasing the efficiency of 
fuel use. Increases in fuel efficiency will occur when 
other factors of production are substituted for fuel input.
1* If Y = f(X) Elasticity = (dY/Y)/(dX/X)
Given the mathematical form logY = a + blogX
Differentiating 1 . dY = b
Y dX X
*\ b = X . dY = (dY/Y)/(dX/x)
Y dX
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Capital, for example, can be substituted for fuel input 
through the use of energy saving equipment and by 
minimizing heat losses through improving lagging around 
furnaces, repairing cracks, sealing porous brickwork and 
replacing badly fitting furnace doors. Labour can be 
substituted for fuel input if more of the workforce is 
directed towards the conti© 1 of combustion processes and 
through increased managerial attention to energy saving.
If there was a fall in price it would cost less to waste 
heat, either through incomplete combustion or heat loss, 
and there would be less incentive to obtain high 
efficiency of fuel use. Price will therefore be 
positively related to efficiency and negatively related 
to demand.
Since the industrial demand for fuel is derived 
from the demand for heat, the relative effectiveness of 
fuels at producing heat, differential fuel efficiency, 
must be taken into account when calculating price. The 
appropriate price variable for n fuels is given by:
p  = ax1P1 + sx2 Pg + .... + sxn Pn
log-1(-b2) log~1 (-bn )
where P = Price of fuel input accounting for differential 
fuel efficiency.
SX^ = Proportion of heat supplied by F^
P1 » Price per therm of F1 
s Price per therm of Fg 
and Pn = Price per therm of Fn
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However, this raises problems since price must be 
included in the function that estimates b2, ••• , bn .
An iterative procedure must therefore be used to 
estimate the demand function. First price is 
calculated assuming that all the relative efficiency 
values are equal to one; - when this value-of price is 
substituted in the equation,approximate relative 
efficiency values can be estimated. By re-calculating 
price on the basis of the estimated b values, the demand 
function can be estimated again, thus producing another 
set of b coefficients. A process of successive 
estimation can be employed until the values of relative 
efficiency used in the calculation of price converge 
with those estimated by the demand function at some 
pre-assigned level of accuracy. The demand function 
can therefore be specified as
logF = + b2Si'2 + .. . + bn8Pn + c^logO 2.15
+ c2logP + ut
where c2 = Coefficient of logP
Since there is a double logarithmic relationship between 
F and P, c^ is the price elasticity of demand for fuel 
input accounting for the differential efficiency of fuel 
use.
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2*172 Other factors influencing efficiency/demand.
One variable not predicted by economic theory 
that will influence fuel consumption is temperature.
Since thermal energy is heat, which is used to raise 
temperature, the demand for energy will vary negatively 
with external temperature. The efficiency/demand 
function therefore becomes
logF = b^ + ^ 2 ^ 2  + bn ^ n + o^logO 2.16
+ c^logP + c^logT + ut
where T = Temperature
and = Temperature . elasticity of demand
The efficiency/demand function, unlike the Adams 
and Miovic model, is expressed in a form in which any 
number of relevant independent variables can be included.
22*2 Market share m o d e l s .
If other factors are constant, and assuming that 
the price per unit of thermal energy derived from each 
fuel remains equal, an increase of one percent in the
2. Although departing from the main theme of this
presentation, market share models will be briefly 
discussed here because they will be used later for 
testing the estimates of relative efficiency given 
by the efficiency/demand function. The estimates 
will be tested against alternative estimates of 
efficiency derived from engineering sources.
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demand for thermal energy will cause an increase in 
demand of one percent for all the fuels providing 
thermal energy. Using the nomenclature previously 
developed^ the demand for thermal energy derived from 
a particular fuel, say F^, can ^e written as:
logY^ = dx + logY ... 2.17
where Y-^  =
and Y = elXl + + ... +
Re-arranging 2.17
logY^ - logY = d1 + ...
log — dl * * *
Y~
where ST^ = Y-^  = Market share of thermal energy
Y ” derived from Fn
3. To summarize:
Ik = Fuel i
X. = Potential heat supplied by F^
Y^ •= Thermal energy yielded by Fi
e^ = Efficiency of use of F^ (=7^/%)
= Price per therm of F^
Y = Thermal energy yielded by all fuels
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X  ^ + e gx 2 + • • • + enxn 
el el
Similarly
b t2 — e2X2
el
xi + e + •• ‘ + f s L
ei
and STn =s enxn
el
X1 •+ • ®2X2 + * •* + enXn 
el
where SO? 2 y 2
_
= Market 
energy
share of thermal 
derived from F2
and STn li = Market 
energy
share of thermal 
derived from Fn
The quantities ST^ ST2, ... , ST can be calculated 
using information provided by equation 2.16 since
c 2 “ Pog ( - b 2 ) 
el
and en = log~1(-bn )
el
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Alternatively, the market shares can be calculated 
using other estimates of relative efficiency such as 
those given in Table 4*
2*21 Static models.
Variations in market share will occur in response 
to changes in relative prices. Models of this type 
were successfully employed by Al-Kummer in a wide 
variety of markets.^-
The static market share equation for F^ can be 
expressed as
logST^ = d1 + d^logP^ + ... + ^ logl^ 2.18
Elasticity of demand for F-^  with 
respect to the pricce of F^ relative 
to the price of F^
Elasticity of demand for F-^  with 
respect to the price of F^ relative 
to the price of Fn
Demand for Oil". Ph.D. Dissertation, 
University College of Wales, 
Aberystwyth, 1975.
4. J. Al-ICummer, "Energy Markets and the Future
where d^ =
and dn =
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Similar functions can be written for S1’2 and ST^. it 
is not necessary to take efficiency into account when 
expressing the price of one fuel relative to another
since the efficiency ratio, which is constant, is
5reflected in the constant term.
In the short run not all consumers are able to 
respond to changes in the prices of fuels since they 
have undepreciated stocks of fuel burning equipment 
that can only use one type of fuel. Consequently, in 
the market for fuels there will be short run and long 
run price elasticities. Static models such as 
equation 2.18 estimate short run elasticities when 
only a small proportion of consumers can respond to 
changes in price. Dynamic models, such as the partial 
adjustment model discussed below, estimate long run price 
elasticities; that is, the price elasticities when 
consumers are not tied to a particular type of equipment.
5. This can be demonstrated with respect to the
price per unit of thermal energy derived from 
F-^  relative to F2 *
log((P1/e1 )/(P2/e2)) = log((P1/P2)/(e2/e1))
= logP1 - loge2
Where e2/ei ds constant.
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Models that estimate long run elasticities need 
to account explicitly for the commitment of some consumers 
to existing fuel burning equipment. A model capable of 
estimating long run elasticities that has been used 
widely in economics was developed by Nerlove. Applied 
to a market share variable the Nerlove model assumes that 
for a given set of relative prices there will be a desired 
market share that will be realised in the long run if 
relative prices do not change. In the case of F-^ , in 
the long run:
logST^ — f^ + f ^logP-^ + . • . + f^logP-^ 2
“X*where = Desired market share of thermal energy
derived from F-^
f^ = Constant
f2 35. Long run elasticity with respect to
the price of F-^  relative to F2
f = Long run elasticity with respect to
the price of F^ relative to F^
The behavioural hypothesis behind the Nerlove model is 
that because consumers cannot adjust immediately to their 
desired market share, the actual change in market share
2.22 Dynamic models.
6 . M. Nerlove, "Distributed Lags and Demand Analysis".
United States Department of Agriculture, 
Agricultural Handbook No. 14-1, 1958.
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for a given time period will only be a fraction of the 
desired change. Expressing market share as a 
logarithmic variable, this adjustment process can be 
written as:
logST^ _ log(B1'})t-l =* p(logSTi ~ log^S1i^t-l^ 2,20
where (ST^)^ ^ = Market share of thermal energy
derived from F^ in the previous 
time period, 
p =s Adjustment coefficient.
Re-arranging 2.20
logS^ = plogST* - p l o g f S ^ ) ^  +log(ST1 )t^1
logSO^ = plogST* + (l_p)lbg(STl )1._l
From equation 2.19
plogST* = pfx + pf2iogP1 + ... + pfnlogPx 2.22
Substituting 2.22 in 2.21
logS^ - pj^ + pf 2logP1 + ... + pfnlogP1
+ (l-p)log(8'l'1 )t_1
logSTx = gx + g2logP1+ ... + gnlogP1
P2 Pn
+ glog(ST1 )t_1 2 ^25
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where g-^  = pf-^
&2 = Pf  2
gn = Pf n
and g = 1-p
Consequently
and f n
Equation 2.23 shows that the partial adjustment model 
includes the same variables as the static model but 
also contains the lagged value of the dependent variable 
from which the adjustment coefficient can be calculated.
7Models of this type have been used by Wigley aid the
8Department of Energy. • Variations of the partial
aadjustment model have also been employed by Balestra
7. K. Wigley, "The Demand for Fuel 194-8-1975". No. 8
in A Programme for Growth, Chapman and 
Hall, 1968.
8. F.W. Hutber, Modelling of Energy Supply and Demand,
In "Energy Modelling". I.P.C. Science 
and Technology Press, 1974-
9. P. Balestra, "The Demand for Natural Gas in the
United States". North Holland, 1967.
&2
r-g
&n
1 -g
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and Khazzoom.1G
2.3 Summary
In section 2.1 a demand function for thermal energy 
was derived that allows the dependent variable to be 
measured in terms of potential heat supplied and estimates 
relative efficiencies of fuel use in addition to price, 
output and temperature elasticities. The model accounting 
for n fuels is
logF = b-^  + + • • • + bnS1n +
+ c^logP + c^logT + ut
where F = + X2 + • • • +
= Potential heat supplied by fuel F^
X2 = Potential heat supplied by fuel F^
^  = Potential heat supplied by fuel Fn
10. - J.D. Khazzoom, An Application of the Concept of
Free and Captive Demand to the Estimating
and Simulating of Energy Demand in Canada.
In 'Proceedings of the Workshop on Energy
DemandM, IIASA, CP-76-1, International
Institute of Applied Systems Analysis,
1976.
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SFg = Proportion of total potential heat,
supplied by F2
SF^ = Proportion of total potential heat
supplied by Fn
0 = Output
P = Price of fuel input accounting for
differential fuel efficiency 
T = Temperature
= Output elasticity 
c2 = Price elasticity
c^ as Temperature elasticity
if =a Efficiency of use of F-^
e2 = Efficiency of use of F2
and en = Efficiency of use of Fn
then e2 = log“1 (-b2)
e-,
and en = l o g "^-^)
el
An iterative procedure must be used for estimating 
the efficiency/demand function since the price variable 
must be calculated using relative efficiencies of fuel 
use. If price is calculated assuming no difference in
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efficiency, the efficiency/demand function will estimate 
approximate relative efficiency values. By re-calculating 
price on the basis of these values, the efficiency/demand 
function can be estimated again yielding a closer 
approximation to the true relative efficiency values.
This process can continue until the values of relative 
efficiency used in the calculation of price converge with 
those estimated by the efficiency/demand function at some 
pre-assigned level of accuracy.
The relative efficiency estimates obtained from the 
efficiency/demand function can be used to calculate 
aggregate fuel input in homogeneous terms. Consequently, 
the market share of thermal energy derived from each fuel 
can be calculated and market share functions can be 
formulated with relative prices as independent variables. 
Because not all fuel users are free to respond immediately 
to changes in the relative prices of fuels, the market 
share models can be of two forms; static and dynamic. 
Static market share models estimate short run elasticities 
and dynamic models estimate long run elasticities.
A static market share function for the heat derived 
from F^ is
logST^ — d-^  + d2logP d + • .  • + d^logP-j  ^■
*2  K
where ST^ - Market share of thermal energy derived
from
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P2 = Price per therm of F2
Pn = Price per therm of Fn
d2 = Short run elasticity of the price of F1
relative to F2
dn =s Short run elasticity of the price of F^
relative to Fn
A dynamic market share function based oxi the Nerlove 
partial adjustment model for the heat derived from F-^  is
P = Price per therm of F^
logST^ = gb + g 2lo g P 1 + . . .  + gnl o gpi
* 2
+ s 1 ° g ( STi ) t _ 1
P2 Pn
(^l)t-l s Market share of thermal energy derived 
from F^  ^in the previous time period 
gp = Long run elasticity with respect to
l~g& the price of F-^  relative to F2
and gn s Long run elasticity with respect to
11 O’& the price of Fn relative to F1 n
Similar functions can be derived from the market shares
of thermal energy derived from F9 and Fh n •
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In Chapter 4 the efficiency/demand function will 
be estimated with reference to the U.K. industrial 
market for thermal energy. The market share 
functions will be used for testing the estimates 
of relative efficiency provided by the efficiency/demand 
function against alternative estimates of efficiency 
derived from engineering sources. Chapter 3 describes 
the U.K. market for thermal energy and forms a basis for 
interpreting the results given in Chapter 4*
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THE INDUSTRIAL MARKET FOR THERMAL ENERGY 
3*1 Defining the market for thermal energy.
Thermal energy can be derived from electricity as 
well as oil, coal and gas. These thermal energy 
sources have different characteristics; some produce 
significant quantities of impurities when burned that 
limit the uses to which the energy sources can be put 
while electricity can produce heat without unwanted 
by-products. The characteristics of energy sources 
determine the extent to which they can substitute for 
one another. In a process where a very clean energy 
source must be used, for example, fuel oil or coal 
would not be able to•substitute for electricity.
When an industrial process does not require a 
particular energy source because of technical con­
siderations, the choice of energy source will depend 
on the price per unit of heat derived from alternative 
energy sources. In Graph 1 the prices per unit of 
thermal energy derived from oil, coal, gas and 
electricity are plotted for the period I960 to 1974. 
The efficiency factors assumed in the calculations 
are those given by Cambridge Information and Research
CHAPTER THREE
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Services Ltd. since these were judged in section 1.4 
to be the most representative of the estimates of 
efficiency derived from engineering sources. The 
price data was obtained from various issues of the 
Digest of U.K. Energy Statistics and is given in 
Appendix B.
Graph 1 shows that the price per unit of heat 
derived from electricity is very much greater than 
the price per unit of heat derived from other sources. 
In 1974, for example, the price of electricity was 
more than two and a half times more expensive than 
the next most expensive thermal energy source. The 
importance of price in determining the competitiveness
pof a thermal energy source is illustrated in Graph 2 
which shows that for a representative fuel burning 
process the major factor in the cost of thermal energy 
is fuel cost. Although Graph 2 is intended to be 
representative of fuels rather than electricity, it 
shows that even if labour, capital and maintenance 
costs for electricity were negligible, electricity
1. These factors are:
Oil 0.60 Gas 0.60
Goal 0.45 Electricity 0.85
2. Source: I.G. Dryden (Editor), "The Efficient
IJse. of Energy »T I.P.C. Science and 
Technology Press, 1975*
1
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would not be a b le  to  compete w ith  f u e l s  on th e  b a s is  o f  
p r ic e  per u n i t  o f  h e a t .
The p r ic e  per u n i t  o f  heat derived from gas shows 
th a t  the c o m p et it iv e  r o le  o f  gas v a r ie d  between I960  
and 1974- U n t i l  1968 th e  p r ic e  o f  gas was between two 
and th r e e  tim es more than the  p r ic e  of a l t e r n a t i v e  f u e l s  
but c o n s id er a b ly  cheaper than e l e c t r i c i t y .  During t h i s  
period the market f o r  gas was r e s t r i c t e d  to  p r o c e sse s  
where a. c le a n e r  f u e l  than o i l  or  coa l was r e q u ir e d  but 
the  premium p r o p e r t ie s  o f  e l e c t r i c i t y  were n o t  n e c e s s a r y .  
C onsequently, th e  heat derived  from gas did n o t  compete 
w ith  the  heat d er ived  from o i l  or c o a l .  However, from 
1969 the  cheaper p rodu ction  c o s t s  o f  North Sea gas 
combined w ith  a more a g g r e s s iv e  marketing p o l i c y  by 
B r i t i s h  Gas r e s u l t e d  i n  a f a l l  in  the p r ic e  o f  gas and 
an expansion o f  th e  market f o r  gas at the  expense o f  
o i l  and c o a l .
Between I960 and 1973 th e  p r ic e  o f  heat derived  
from o i l  was l e s s  than t h a t  d er ived  from c o a l  because  
o f  the h ig h er  p rodu ction  c o s t  o f  c o a l .  However, in  
1974 th ere  was a c o n s id e r a b le  in c r e a se  in  the p r ic e  o f  
o i l  as th e  f u j l  e f f e c t s  o f  the  October 1973 p r ic e  r i s e  
were experienced in  th e  United Kingdom i n d u s t r i a l  f u e l  
market. This gave coa l a c o m p et it iv e  advantage over
o i l .  Between 1971 and 1974 the cheapest source  o f  
h eat  was, however, g a s .
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Oil, coal and, since 1969* gas are therefore 
the competitive components of the thermal energy 
market that must be considered in aggregate.
Prior to 1969 gas was not competitive and this 
non-competitive component - the consumers who for 
technical reasons cannot consume oil or coal- 
remains a proportion of gas sales. Since in the 
statistics available it is not possible to 
distinguish between competitive and non-competitive 
gas sales, all gas consumption since I960 will be 
treated as competitive. Electricity forms the. 
non-competitive component of the thermal energy 
market and can therefore be considered as a separate 
and distinct factor of production.
This study is concerned with the competitive 
market for thermal energy since this is where problems 
of aggregation, and consequently differential efficiency 
of fuel use, occur. The demand for electricity will 
not be dealt with since it has been thoroughly
ttinvestigated by others.
3. For example, the studies by Baxter and Kees and 
Bell mentioned in section 1.2.
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The energy coefficient is normally defined as
the average rate of increase in primary energy
consumption relative to the average rate of increase
in gross domestic product at factor cost and constant
prices.^ It is, in other words, an output elasticity
of demand abstracting from price and temperature
effects. The 'thermal energy coefficient* for an
industry can therefore be defined as the output
elasticity with respect to fuel input accounting for
differential efficiency of fuel use but neglecting
price and temperature effects. A measure of the
volume of output in the industrial sector is given by
5the index of industrial production.
Thermal energy coefficients, calculated using 
simple regression analysis, for industrial sectors are 
given in Table 6 for the period I960 to 1974. The 
data used in these calculations are given in Tables 
B.3 to B.10 in Appendix B and the efficiency estimates 
those given by Cambridge Information and Research 
Services Ltd.
3*2 The 'thermal energy coefficient1.
4. "Digest of United Kingdom Energy Statistics 19751*
H.M.S.O., 1976.
5. . Central Statistical Office, "The Index of
Industrial Production and othf>r Output Measures", 
Studies in Official Statistics No. 17, H.M.S.O., 
1970.
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In section 2.15 it was suggested that, other 
factors remaining constant, the output elasticity 
is likely to be less than one since, as output 
expands,technically more efficient equipment can 
be used to produce the increment in output. However,
Table 6. Average thermal energy coefficients 
1260 ^ 1314 .
Industrial group Thermal energy coefficient
Iron and steel 0.86
Engineering and other metal trades 0.99
Food, drink and tobacco 1.15
Chemicals and allied trades 0.80
Textiles, leather and clothing -0.20
Paper, printing and stationery 0.86
Bricks, cement and other building 0.03
materials
China, earthenware and glass 0.22
All industry 0.70
Table 6 shows that other factors exert a considerable 
influence on the output elasticity. For most industries 
there appear to have been charges in the energy content 
per unit of output related to changes in the level of 
output.
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The energy intensiveness of output may change 
for a number of reasons. New production processes 
requiring different combinatiohs of factors of 
production may be employed. In this way, for example, 
electricity can indirectly substitute for fuel input 
although it cannot substitute directly, due to price 
considerations, in existing processes as a source of 
heat. Alternatively the composition of products 
produced by industry may change as output changes 
favouring either more or le ss energy intensive products. 
As shown in Table 6 the influences of these factors are 
different for each industrial group.
3*3 Aggregate market characteristics.
The level of industrial output, as shown in Graph 3, 
increased in an undulating manner between I960 and 1973 
but underwent a slight fall in 1974* The potential 
heat supplied by fuels also followed an upward trend but 
not as steeply and in some years there was actually a 
fall when the level of output increased. In 1974 the 
less than proportionate change in fuel consumption was 
even more pronounced.
Between I960 and 1973 the price of heat derived 
from oil was less than that derived from coal and this 
caused a continuous substitution of oil for coal as 
shown in Graph 5- The market share of potential heat 
supplied by gas was constant until 1969 reflecting the 
non-competitive nature of gas sales during this period.
industr
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However, after 1969, the falling price of gas opened 
new markets and from 1971 gas was the cheapest - fuel 
taking sales from both coal and oil. Consequently, 
between I960 and 1974 there was a substitution away 
from coal towards more efficient fuels and this partly 
accounts for the less than proportionate increase in 
fuel consumption compared with output. The thermal 
energy coefficient for the 'all industry' category is 
0.70 indicating that in addition to increased efficiency 
due to technological factors there was probably also a 
shift away from fuels in the production process.8
The sharp decrease in fuel consumption in 1974 was
due mainly to the price of oil which more than doubled
its value of the previous year. Another contributory
factor was the miners' strike between 10th February and
the 9th March during which deliveries of coal were
7severely disrupted.
6. The shift was probably towards electricity since 
the 'energy coefficient' for electricity was 
calculated as 1.55* However, for the reasons 
stated before, this is unlikely to have been a 
direct substitution.
7. Department of Energy, "Energy Trends". October 1974.
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3*4 Market characteristics by industry.
In this section fuel consumption characteristics 
of individual industries are examined.
8
3*41 The iron and steel industry.
The iron and steel industry is the largest and 
one of the most intensive energy users. Between 
I960 and 1974 the level of output of the industry 
fluctuated but rather than showing overall growth 
appears to have slightly declined. Fuel consumption 
followed a similar pattern although the fall in 
consumption in 1974 was greater than the industrial 
average.
8. The technical information in this section has 
been obtained from:
J. Pike, A. Bogle and A. Buckley, "Industrial 
Fuel Markets 1975-74". Gower Economic 
Publications, 1973*
Additional statistical information was obtained from 
Confederation of British Industry, "A Statistical
Survey of Industrial Fuel and Energy Use", 
Confederation of British Industry, 1975.
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steel industry and in certain processes, such as blast
furnaces and cupolas, coke provides not only the
necessary heat, but also combines chemically with iron
9ore as a reducing agent. Other fuels do not have
this property but can be mixed with coke in quantities 
of not greated than 10$ without detrimentally affecting 
chemical reduction. Consequently, since processes 
using blast furnaces and ciipolas are dominant, the 
penetration of oil and gas in the iron and steel 
industry, as shown in Graph 8, has been very limited 
compared with the industrial average.
The more than proportionate decline in fuel 
consumption in 1974- was a consequence of disrupted 
deliveries resulting from the miners' strike. However, 
production was maintained by utilizing existing stocks 
of fuel.10
Coke is the most dominant fuel' in the iron and
9. Coke, which is mainly carbon, combines with oxygen 
molecules in iron ore to form oxides of carbon.
10. All consumption data refers to 'deliveries into 
consumption’ rather than the quantities of fuels 
actually used.
dm lustriia
.1 IjJi. 3
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The level of output in the engineering and other
metal trades industry was very similar to the average
level of industrial output for the period I960 to 1974.
Fuel consumption closely followed the level of output
except for a temporary fall in 1971.
The engineering and other metal trades industry
is one of the least energy intensive industrial groups.
In non-ferrous metal manufacture, which accounts for a
11very small proportion of output, energy costs as a 
proportion of the total cost of produced goods are 
between 10$ and 20$. However, in other parts of the 
engineering industry, proportionate energy costs range 
up to 2.5$ in the case of motor vehicle manufacture and 
10$ in the case of certain other metal goods.
Most processes in the engineering and other 
metal trades industry require fuels that burn cleanly. 
Consequently, the amount of coal consumed in the 
industry is low while the proportion of gas and the 
lighter oil fuels is high. After 1971 there was a 
significant movement away from oil in favour of gas.
3*42 The engineering and other metal trades industry.
11. These cost estimates and subsequent cost 
figures are estimated on the basis of 
1974 prices.
iildaa tr
* <
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Output in the food, drink and tobacco industry 
continuously increased between I960 and 1974* This 
was followed by a similar expansion of potential heat 
consumption despite the sustained substitution of oil 
and gas for coal.
Overall energy consumption in this industry is 
low; energy cost as a proportion of total product cost 
is less than 5$. Fuel consumption in the production 
of alcoholic drink is, however, fairly intensive and 
output in this sector has been increasing faster than 
either food or tobacco. Additionally, there has been 
a movement towards more processed and pre-cooked foods 
requiring a higher energy input. Consequently, the 
energy intensiveness of the output produced by the 
food, drink and tobacco industry has increased; this 
is reflected by a thermal energy coefficient of 1.15.
In many processes, preference is given to 
clean burning fuels and this has resulted in a stronger 
movement away from coal in favour of light oil fuels 
and gas than in industry as a whole.
3*43 The food, drink and tobacco industry.
-  r j  -
- 76 -
The chemicals and allied trades industry was 
the most rapidly expanding industry between I960 and 
1974. It is also one of the most intensive users of 
energy with fuel costs representing between 20$ and 30$ 
of final product cost.
Fuel consumption rose very gradually between 
I960 and 1970 due partly to the substitution of oil 
for coal. However, after 1970, coinciding with a 
dramatic increase in consumption, fuel consumption 
increased at a faster rate than output.
In addition to being a source of heat, gas 
can be used as a chemical feedstock. The declining 
price of gas opens new markets for gas as a source 
of heat and also as a feedstock. Consequently, the 
consumption of gas as a feedstock increased after 
1970 causing a disproportionate increase in fuel 
consumption.
Unfortunately, British Gas do not release 
figures for gas supplied as a feedstock for reasons 
of 'commercial consideration'.
3* 44 The chemicals and allied trades industry.
Slifllt&nn
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Although  o u t p u t  f o l lo w e d  an  upward t r e n d  be tw een  
I9 6 0  and 1974, f u e l  consum ption  i n  t h e  t e x t i l e s ,  l e a t h e r  
and c l o t h i n g  i n d u s t r y  te n d e d  t o  d e c r e a s e ,  e s p e c i a l l y  
a f t e r  1966. P a r t  o f  t h e  r e d u c t i o n  i n  f u e l  consum ption  
was th e  r e s u l t  o f  o i l  and gas s u b s t i t u t i n g  f o r  c o a l .  
However, a l t h o u g h  t h e  p r o p o r t i o n s  o f  f u e l  consumed were 
v e r y  s i m i l a r  to  t h e  i n d u s t r i a l  a v e r a g e ,  t h e  th e rm a l  
e n e rg y  c o e f f i c i e n t  was - 0 . 2 0 .
A f u r t h e r  f a c t o r  c a u s i n g  th e  d e c r e a s e  i n  f u e l  
consum ption  was p l a n t  and m ach ine ry  r a t i o n a l i z a t i o n ,  
o c c u r r i n g  d u r i n g  th e  p e r i o d  of  a n a l y s i s ,  t h a t  r e s u l t e d  
i n  t h e  c l o s u r e  o f  uneconomic and i n e f f i c i e n t  p l a n t .
The t e x t i l e s ,  l e a t h e r  and c l o t h i n g  i n d u s t r y  i s  
l a b o u r  i n t e n s i v e  r a t h e r  t h a n  energy  i n t e n s i v e .  Energy 
c o s t  a s  a p r o p o r t i o n  of  t o t a l  p ro d u c t  c o s t ,  a c c o r d i n g  
t o  t h e  C o n f e d e r a t i o n  o f  B r i t i s h  I n d u s t r y  s u r v e y ,  i s  
l e s s  t h a n  7.'5$*
3*45 The t e x t i l e s ,  le a th e r  and c lo th in g  in d u s t r y .
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The o u t p u t  t r e n d  i n  t h e  p a p e r ,  p r i n t i n g  and 
s t a t i o n e r y  i n d u s t r y  was ve ry  s i m i l a r  t o  t h e  i n d u s t r i a l  
a v e rag e  between I9 6 0  and 1974* F u e l  consum ption ,  
however,  fo l lo w e d  a  d i f f e r e n t  p a t t e r n ;  a f t e r  I960 
i t  i n c r e a s e d  f a s t e r  t h a n  o u t p u t ,  be tween 1966 and 
1970 th e  i n c r e a s e  was l e s s  t h a n  o u tp u t  and a f t e r  1970 
t h e r e  was a d e c l i n e  a s  o u t p u t  expanded.  Throughout  
t h e  p e r i o d  o i l  and gas  s u b s t i t u t e d  f o r  c o a l  a l t h o u g h  
from 1970 t h e  s h a r e  o f  o i l  d e c l i n e d .
In  a g g r e g a t e  t h e  p a p e r ,  p r i n t i n g  and s t a t i o n e r y  
i n d u s t r y  i s  an a v e ra g e  u s e r  o f  energy w i t h  en e rg y  c o s t s  
r e p r e s e n t i n g  be tween  10$ and 20$ o f  t o t a l  p r o d u c t  c o s t .  
The p r o d u c t i o n  o f  p a p e r ,  which t a k e s  a v e r y  h i g h  
p r o p o r t i o n  o f  th e  f u e l  i n p u t ,  i s ,  however,  v e r y  energy  
i n t e n s i v e .  C o n se q u e n t ly ,  t h e  f l u c t u a t i o n  o f  f u e l  i n p u t  
r e l a t i v e  to  o u tp u t  may have been  caused by f l u c t u a t i o n s  
o f  o u tp u t  i n  t h e  p a p e r  m a n u f a c tu r in g  i n d u s t r y .
3-46 The paper, -p r in t in g  and s ta t io n e ry  in d u s t r y .
fejtcTlnduatify
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i n d u s t r y .
Output  i n  t h e  b r i c k s ,  cement and o t h e r  b u i l d i n g  
m a t e r i a l s  i n d u s t r y  fo l lo w e d  a  s t r o n g  upward t r e n d  u n t i l  
1973 b u t  f e l l  i n  1974* F u e l  consum ption  was f a i r l y  
s t a t i c  u n t i l . 1969 b u t  t e n d e d  t o  d e c l i n e  a f t e r w a r d s  w i t h  
t h e  e x c e p t i o n  of  1973 when t h e  l e v e l  o f  o u tp u t  was 
p a r t i c u l a r l y  h i g h .  The t h e r m a l  energy  c o e f f i c i e n t  
i s  0 .0 3 .
The p r i n c i p a l  r e a s o n  f o r  t h e  d e c l i n e  i n  f u e l  
consum ption  was t h e  i n t r o d u c t i o n  o f  new m a n u f a c tu r in g  
p r o c e s s e s  i n  t h e  b r i c k  i n d u s t r y .  These new p r o c e s s e s ,  
which r e q u i r e  c l e a n  b u r n in g  f u e l s ,  i n v o l v e  t h e  d i r e c t  
f i r i n g  o f  b r i c k s  f o r  a  s h o r t e r  t im e t h a n  was p r e v i o u s l y  
n e c e s s a r y ,  t h e r e b y  c a u s in g  a sav ing  i n  f u e l  i n p u t .  To 
s a t i s f y  t h e  r e q u i r e m e n t  f o r  c l e a n  b u rn in g  f u e l s ,  l i g h t  
o i l  f u e l s  were s u b s t i t u t e d  f o r  f u e l  o i l  and ,  from 1970, 
gas  was consumed f o r  t h e  f i r s t  t im e .
Goal consum ption  f o r  t h e  whole i n d u s t r y  i s  v e r y  
h i g h  and t h e  movement away from c o a l  t o  o t h e r  f u e l s  
s l i g h t .  I n  most i n d u s t r i e s  t h e  a s h  formed by t h e  
com bus t ion  o f  c o a l  i s  c o n s i d e r e d  to  be a n u i s a n c e  b u t  i t  
i s ,  however,  an i m p o r t a n t  e lem ent  i n  t h e  p r o d u c t i o n  o f  
cem en t•
The b r i c k ,  cement and o t h e r  b u i l d i n g  m a t e r i a l s  
i n d u s t r y  i s  one o f  t h e  most  i n t e n s i v e  u s e r s  o f  e n e rg y .  
F u e l  c o s t  a s  a  p r o p o r t i o n  o f  t o t a l  p ro d u c t  c o s t  v a r i e s  
be tween 30$ and 50$.
3*47 The b r ic k s ,  cement and o th e r  b u i ld in g  m a te r ia ls
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The l e v e l  o f  o u t p u t  i n  t h e  c h in a ,  e a r th e n w a re  
and g l a s s  i n d u s t r y  r a p i d l y  expanded between I9 6 0  and 
1974* F u e l  consum ption ,  on t h e  o t h e r  hand,  rem ained  
s t a t i c .
A number of f a c t o r s  have c o n t r i b u t e d  t o  t h e  
r e d u c t i o n  of  f u e l  i n p u t  r e q u i r e m e n t  p e r  u n i t  o f  o u t p u t .  
I n  common w i t h  o t h e r  i n d u s t r i e s  t h e r e  was a  c o n t in u e d  
s u b s t i t u t i o n  o f  o i l  and gas  f o r  c o a l ;  t h e  t h e r m a l  
energy  c o e f f i c i e n t  b e in g  0 .2 2 .  A d d i t i o n a l l y ,  l i k e  
t h e  t e x t i l e s ,  l e a t h e r  and c l o t h i n g  i n d u s t r y ,  t h e r e  has  
been  a c e r t a i n  d e g re e  o f  r a t i o n a l i z a t i o n  r e s u l t i n g  i n  
t h e  c l o s u r e  o f  uneconomic and i n e f f i c i e n t  p l a n t .
A nother  f a c t o r  was t h e  s u b s t i t u t i o n  o f  t u n n e l  k i l n s  
f o r  l e s s  e f f i c i e n t  b a t c h  k i l n s  i n  t h e  c h in a  and 
e a r th e n w a re  i n d u s t r i e s .
The c h in a ,  e a r th e n w a re  and g l a s s  i n d u s t r y  i s  
a n o t h e r  i n t e n s i v e  u s e r  o f  en e rg y  w i th  f u e l  c o s t  
r e p r e s e n t i n g  be tween  30$ and 50$ o f  t o t a l  p r o d u c t  c o s t .
3 .48  The c h in a , earthenw are and g la ss  in d u s t r y .
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The c o m p e t i t i v e  m arke t  f o r  t h e r m a l  energy  c o n s i s t s  
o f  t h r e e  f u e l s ,  o i l ,  c o a l  and g a s .  A l th o ug h  th e r m a l  
en e rg y  can  a l s o  he d e r iv e d  from e l e c t r i c i t y ,  i t  i s  a  
v e r y  e x p e n s iv e  so u rc e  o f  h e a t  which c a n n o t  d i r e c t l y  
compete w i t h  o t h e r  energy  s o u r c e s .  E l e c t r i c i t y  i s  u se d  
a s  a  so u rc e  o f  h e a t  when f o r  t e c h n i c a l  r e a s o n s ,  su ch  a s  
p u r i t y  and c o n t r o l ,  f u e l s  c a n n o t  be u s e d .  S u b s t i t u t i o n  
may, however, i n d i r e c t l y  o c c u r  when new p r o d u c t i o n  
t e c h n i q u e s  a r e  u s e d .  T h is  s tu d y  i s  conce rn ed  w i t h  t h e  
c o m p e t i t i v e  m arke t  f o r  t h e r m a l  energy  s i n c e  t h i s  i s  t h e  
m arke t  i n  which  problems of  a g g r e g a t i o n ,  and c o n s e q u e n t ly  
d i f f e r e n t i a l  e f f i c i e n c y  o f  f u e l  u s e ,  o c c u r .
A c rude  m easure  o f  t h e  t h e r m a l  e n e r g y / o u t p u t  
r e l a t i o n s h i p  i s  g i v e n  by t h e  t h e r m a l  en e rg y  c o e f f i c i e n t  
f o r  which  d i f f e r e n t  v a l u e s ,  r a n g i n g  be tw een  - 0 . 2 0  and 
1 . 1 5 ,  were c a l c u l a t e d  f o r  e ach  i n d u s t r i a l  s e c t o r .  The 
th e r m a l  energy  c o e f f i c i e n t  m easu re s  improvements  i n  
t e c h n i c a l  e f f i c i e n c y  b u t  a l s o  r e f l e c t s  changes  i n  energy  
i n t e n s i v e n e s s  o f  o u tp u t  r e s u l t i n g  from chang in g  c o m p o s i t io n  
o f  o u t p u t  and t h e  co nseq u en ces  o f  p l a n t  r a t i o n a l i z a t i o n .
I n  a d d i t i o n  t o  t h e  e n e r g y / o u t p u t  r e l a t i o n s h i p  most  
i n d u s t r i e s  have  i n d i v i d u a l  f u e l  consum ption  c h a r a c t e r i s t i c s .  
A l tho u gh  i n  a l l  i n d u s t r i e s  t h e r e  has  been  a  s u b s t i t u t i o n  o f  
o i l  f o r  c o a l  and gas  f o r  o i l  and c o a l  i n  r e s p o n s e  to  
d i f f e r e n c e s  i n  p r i c e  l e v e l s ,  t h e  s u b s t i t u t i o n  p r o c e e d s  a t
3*5 Summary.
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d i f f e r e n t  r a t e s  i n  d i f f e r e n t  i n d u s t r i e s .  There  a r e  
a l s o  c o n s i d e r a b l e  d i f f e r e n c e s  i n  t h e  p r o p o r t i o n s  o f  
f u e l s  u s e d .  Some i n d u s t r i e s ,  l i k e  i r o n  and s t e e l ,  
r e m a in  c o a l  i n t e n s i v e  w h i l e  o t h e r s ,  su ch  a s  china-, 
e a r th e n w a re  and g l a s s ,  now a lm o s t  consume n e g l i g i b l e  
amounts o f  c o a l .
The ene rg y  i n t e n s i v e n e s s  o f  o u tp u t  o f  i n d u s t r i e s  
a l s o  v a r i e s  f rom l e s s  t h a n  2 .5 $  t o  50$. The more 
e n e rg y  i n t e n s i v e  th e  i n d u s t r y ,  t h e  g r e a t e r  i s  l i k e l y  
t o  be i t s  demand r e s p o n s e  t o  changes  i n  t h e  p r i c e  o f  
e n e rg y .
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UllAPTER FOUR 
ESTIMATION
I n  t h i s  c h a p t e r  s t a t i s t i c a l  e s t i m a t e s  o f  r e l a t i v e  
e f f i c i e n c i e s ,  p r i c e ,  o u t p u t  and t e m p e r a t u r e  e l a s t i c i t i e s ,  
o b t a i n e d  by t h e  l e a s t  s q u a r e s  t e c h n i q u e ,  a re  p r e s e n t e d  
f o r  th e  i n d u s t r i e s  d i s c u s s e d  i n  s e c t i o n s  3*3 and 3*4*
E s t i m a t e s  o f  t h e  p a r a m e t e r s  o f  a  r e g r e s s i o n  model 
a r e  o b ta in e d  from a sample o f  o b s e r v a t i o n s .  The 
sam pling  t h e o r y  o f  s t a t i s t i c s ,  m od if ied  t o  acco u n t  f o r  
a  random e r r o r  te rm ,  s u g g e s t s  some t e s t s  f o r  e s t a b l i s h i n g  
th e  a c c u ra c y  o f  t h e s e  e s t i m a t e s  assuming t h a t  t h e  
e s t i m a t e s  a r e  u n b i a s e d .  The most commonly u se d  t e s t ,  
which w i l l  be used  i n  t h i s  c h a p t e r ,  m easu res  t h e  chance  
t h a t  th e  t r u e  v a lu e  o f  t h e  r e g r e s s i o n  c o e f f i c i e n t  i s  z e r o ;  
t h a t  i s ,  t h e r e  i s  no r e l a t i o n s h i p  between t h a t  i n d e p e n d e n t  
v a r i a b l e  and t h e  dependen t  v a r i a b l e .  T h is  t e s t  u s e s  t h e  
t - s t a t i s t i c  which i s  t h e  r e g r e s s i o n  c o e f f i c i e n t  d i v i d e d  
by th e  s t a n d a r d  e r r o r  o f  t h e  c o e f f i c i e n t .  A t - s t a t i s t i c  
o f  g r e a t e r  t h a n  two w i l l  u s u a l l y  o n ly  occu r  i f  t h e r e  i s  
l e s s  t h a n  one chance i n  tw en ty  t h a t  t h e  t r u e  v a lu e  o f  t h e  
e s t i m a t e d  c o e f f i c i e n t  i s  z e r o . 1 However, t h e  v a l i d i t y
4*1 The s t a t i s t i c a l  in te r p r e ta t io n  o f  e s tim a te s .
1 .  For  a l l  t h e  models p r e s e n t e d  i n  t h i s  c h a p t e r  t h e
t - s t a t i s t i c  a t  t h e  5$ l e v e l  of  p r o b a b i l i t y  i s  2 . 2 .  
At th e  10$ l e v e l  t h e  t - s t a t i s t i c  i s  1 . 8  and a t  t h e  
20$ l e v e l  1 .4*
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o f  t h e  t - t e s t  i s  im p a i re d  when t h e r e  a r e  c e r t a i n  
e co n o m et r ic  p rob lem s a s s o c i a t e d  w i t h  t h e  model*
These problems a r e  c a l l e d  a u t o c o r r e l a t i o n ,  m u l t i -  
c o l l i n e a r i t y  and h e t e r o s c e d a s t i c i t y .
A u t o c o r r e l a t i o n  o c c u r s  when s u c c e s s i v e  v a l u e s
o f  t h e  same v a r i a b l e  a r e  c o r r e l a t e d .  I n  r e g r e s s i o n
models  i t  i s  a u t o c o r r e l a t i o n  o f  t h e  e r r o r  t e rm  t h a t
c a u s e s  p ro b lem s .  A u t o c o r r e l a t i o n  o f  t h e  e r r o r  te rm
may be p o s i t i v e ,  i n  which  c a se  p o s i t i v e  e r r o r s  t e n d
t o  be f o l lo w e d  by p o s i t i v e  e r r o r s ,  o r  n e g a t i v e ,  i n
which c a se  p o s i t i v e  e r r o r s  t en d  to  be f o l lo w e d  by
n e g a t i v e  e r r o r s .  When a u t o c o r r e l a t i o n  i s  p r e s e n t
i n  a  f u n c t i o n ,  p a r a m e t e r  e s t i m a t e s  a r e  n o t  s t a t i s t i c a l l y
b i a s e d  b u t  t h e  s t a n d a r d  e r r o r s  o f  th e  c o e f f i c i e n t s  a r e
2b i a s e d  downwards. C o n se q u e n t ly ,  t h i s  r e s u l t s  i n  
a r t i f i c i a l l y  h i g h  t - s t a t i s t i c s  and t h e  v a r i a b l e  may be  
a c c e p t e d  a s  b e in g  r e l i a b l y  e s t i m a t e d  when i n  r e a l i t y  i t  
i s  n o t .
A u t o c o r r e l a t i o n  can  o ccu r  f o r  s e v e r a l  r e a s o n s .
Most economic v a r i a b l e s  a r e  a u t o c o r r e l a t e d  because  t h e y  
ten d  to  change s y s t e m a t i c a l l y  w i t h  t im e .  I f  an  a u t o ­
c o r r e l a t e d  v a r i a b l e  h a s  been  m i s t a k e n l y  e x c lu d ed  from 
a  s e t  o f  i n d e p e n d e n t  v a r i a b l e s ,  t h e  i n f l u e n c e  o f  t h e  
v a r i a b l e  w i l l  be r e f l e c t e d  i n  t h e  e r r o r  t e rm  c a u s in g
2. A. K o u t s o y i a n n i s , "Theory o f  E c o n o m e t r i c s ".
M a cm illa n , 1973*
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a u t o c o r r e l a t i o n  o f  t h e  e r r o r  t e rm .  A l t e r n a t i v e  s o u r c e s  
o f  a u t o c o r r e l a t i o n  i n c l u d e  m i s - s p e c i f i c a t i o n  of  the  
m a th e m a t ic a l  form of  t h e  model and i n t e r p o l a t i o n  o r  
o t h e r  d e f i c i e n c i e s  i n  t h e  s t a t i s t i c a l  o b s e r v a t i o n s .
I f  none o f  t h e s e  f a c t o r s  a r e  t h e  c a u se ,  t h e n  t h e  a u t o ­
c o r r e l a t i o n  may be d e s c r i b e d  a s  ' t r u e *  s i n c e  i t s  r o o t  
l i e s  i n  t h e  e r r o r  te rm  i t s e l f  and n o t  m i s - s p e c i f i c a t i o n  
o f  t h e  model o r  d a t a .
A s im ple  way o f  d e t e c t i n g  a u t o c o r r e l a t i o n  i s  to  
p l o t  t h e  e s t i m a t e d  r e s i d u a l s  o f  a  model a g a i n s t  t im e  
to  se e  i f  a  s y s t e m a t i c  p a t t e r n  can  be d e t e c t e d .  However, 
u s u a l l y  t h e  Durb in-W atson  t e s t  i s  employed i n  which  a 
v a lu e  o f  t h e  Durb in -W atson  s t a t i s t i c ,  c a l c u l a t e d  from 
t h e  r e s i d u a l s ,  i s  compared w i t h  t h e o r e t i c a l  v a l u e s  i n  
t a b l e s .  The Durb in-W atson  t e s t  m easu re s  t h e  chance  
t h a t  e i t h e r  p o s i t i v e  a u t o c o r r e l a t i o n  o r  n e g a t i v e  a u t o ­
c o r r e l a t i o n  e x i s t s  i n  a f u n c t i o n  a t  a  p a r t i c u l a r  l e v e l  
o f  s i g n i f i c a n c e .  When t h e r e  i s  p o s i t i v e  a u t o c o r r e l a t i o n  
i n  a  f u n c t i o n ,  t h e  Durb in-W atson  s t a t i s t i c  t e n d s  t o  have  
a  v a l u e  o f  l e s s  t h a n  two; i f ,  on th e  o t h e r  hand,  t h e r e  
i s  n e g a t i v e  a u t o c o r r e l a t i o n ,  t h e  Durbin-W atson s t a t i s t i c  
t e n d s  to  have a v a l u e  o f  g r e a t e r  t h a n  two.
The remedy f o r  a u t o c o r r e l a t i o n  depends on t h e  c a u s e .
I f ,  f o r  example ,  t h e  s o u r c e  i s  an  o m i t t ed  i n d e p e n d e n t
v a r i a b l e  t h e n  an a t t e m p t  must  be made t o  d e te rm in e  t h e
m is s i n g  v a r i a b l e .  I f  t h e  s o u rc e  o f  a u t o c o r r e l a t i o n  
l i e s  i n  t h e  e r r o r  t e rm  and n o t  i n  t h e  s p e c i f i c a t i o n  o f
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t h e  model,  t h e  m a t h e m a t i c a l  form o f  the  model o r  t h e  
d a t a ,  t h e n  t h e  d a t a  can  be m a t h e m a t i c a l l y  t r a n s fo r m e d  
to  g iv e  t e m p o r a l l y  i n d e p e n d e n t  r e s i d u a l s . ' 5 
T r a n s f o r m a t i o n s  sh o u ld  n o t  be made u n t i l  o t h e r  s o u r c e s  
o f  a u t o c o r r e l a t i o n  have been  r u l e d  o u t  o t h e r w i s e  t h e  
r e a l  s o u rc e  o f  a u t o c o r r e l a t i o n  may n o t  be r e c o g n i s e d  
and m i s l e a d i n g  c o e f f i c i e n t s  e s t i m a t e d .
M u l t i c o l l i n e a r i t y  i s  t h e  c o r r e l a t i o n  among 
in d e p e n d e n t  v a r i a b l e s .  I n  t h e  extreme c a s e ,  when 
t h e  c o r r e l a t i o n  be tw een  two in d e p e n d e n t  v a r i a b l e s  i s  
p e r f e c t ,  t h e  e s t i m a t e s  o f  t h e  r e g r e s s i o n  c o e f f i c i e n t s  
become i n d e t e r m i n a t e  and t h e  s t a n d a r d  e r r o r s  become 
i n f i n i t e l y  l a r g e  c a u s i n g  t - s t a t i s t i c s  t o  become z e r o .
When t h e  c o r r e l a t i o n  be tw een  two in d e p e n d e n t  v a r i a b l e s  
i s  h i g h ,  t h e  l e a s t  s q u a r e s  t e c h n i q u e  s t i l l  g i v e s  u n b i a s e d  
e s t i m a t e s  b u t  t h e  e s t i m a t e s  may be i m p r e c i s e  and u n s t a b l e .  
A d d i t i o n a l l y ,  th e  s t a n d a r d  e r r o r s  t e n d  t o  be h ig h ,  and 
c o n s e q u e n t ly  t h e  t - s t a t i s t i c s  low, c a u s i n g  t h e  p o s s i b l e  
r e j e c t i o n  o f  p o t e n t i a l l y  s i g n i f i c a n t  v a r i a b l e s .
The e x i s t e n c e  o f  m u l t i c o l l i n e a r i t y  may be e s t a b l i s h e d  
by  examining  t h e  s im p le  c o r r e l a t i o n  c o e f f i c i e n t s  be tween 
in d e p e n d e n t  v a r i a b l e s *  A u s e f u l  summary s t a t i s t i c  o f  % e 
c o r r e l a t i o n s  among in d e p e n d e n t  v a r i a b l e s  i n  a  f u n c t i o n  i s
3* J . Kmenta, "Elements o f  E conom etrics ".
M a cm illan , 1971.
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g iv e n  by th e  v a l u e  o f  t h e  d e t e r m i n a n t  formed by t h e  
c o r r e l a t i o n  c o e f f i c i e n t s  be tw een  t h e  in d e p e n d e n t  
v a r i a b l e s . ^  In  t h e  c a s e  o f  p e r f e c t  m u l t i c o l l i n e a r i t y , 
t h e  c o r r e l a t i o n  d e t e r m i n a n t  t a k e s  a v a l u e  o f  z e r o ;  i f ,  
on t h e  o t h e r  hand,  t h e  i n d e p e n d e n t  v a r i a b l e s  a r e  
o r t h o g o n a l ,  t h e  c o r r e l a t i o n  d e t e r m i n a n t  i s  e q u a l  t o  
■unity.
The c o n d i t i o n s  u n d e r  which m u l t i c o l l i n e a r i t y  i s  
a  p rob lem  have n o t  y e t  been  f i r m l y  e s t a b l i s h e d ;  t h e  
t e s t s  above o n ly  i n d i c a t e  t h e  e x i s t e n c e  o f  m u l t i ­
c o l l i n e a r i t y ,  n o t  t h e  c o n s e q u e n c e s .  K l e i n ,  however ,
has  a rgued t h a t  m u l t i c o l l i n e a r i t y  i s  h a rm fu l  when th e
2r  be tween two in d e p e n d e n t  v a r i a b l e s  i s  g r e a t e r  t h a n
2 5
R f o r  t h e  o v e r a l l  r e l a t i o n s h i p .
M u l t i c o l l i n e a r i t y  i s  a  consequence  o f  how s t a t i s t i c a l  
o b s e r v a t i o n s  o c c u r .  Most s e t s  o f  s t a t i s t i c a l  o b s e r v a t i o n s  
a r e  c o l l e c t e d  o v e r  t im e  and economic v a r i a b l e s  o f t e n  t e n d  
t o  move w i t h  t im e .  M u l t i c o l l i n e a r i t y  i s  t h e r e f o r e  l i k e l y  
t o  be a  common problem i n  economics.  S ince  d a ta  c a n n o t  
u s u a l l y  be c o n t r o l l e d  by t h e  eco n om is t ,  t h e r e  i s  l i t t l e  
t h a t  can  be done t o  avoid  m u l t i c o l l i n e a r i t y  o t h e r  t h a n  
s e a r c h i n g  f o r  a l t e r n a t i v e  data..
4.  D.E. F a r r a r  and R.R- G lau b er ,  M u l t i c o l l i n e a r i t y  i n
R e g r e s s i o n  A n a l y s i s :  The Problem R e - v i s i t e d ,
"Review o f  Economics and S t a t i s t i c s 11,
Vol.  49, 1967.
5. L.R* K l e i n ,  " I n t r o d u c t i o n  t o  E c o n o m e t r i c s ".
P re n tic e  H a l l ,  1962.
H e t e r o s c e d a s t i c i t y  o c c u r s  when t h e  v a r i a n c e  o f  
t h e  e r r o r  te rm  i s  n o t  c o n s t a n t  b u t  v a r i e s  a c c o rd in g  
t o  t h e  m agni tude  o f  one (o r  more) o f  the  i n d e p e n d e n t  
v a r i a b l e s .  C o e f f i c i e n t s  e s t i m a t e d  when h e t e r o ­
s c e d a s t i c i t y  i s  p r e s e n t  a r e  n o t  b i a s e d  bu t  th e  
s t a n d a r d  e r r o r s  o f  t h e  c o e f f i c i e n t s  t end  to  be h i g h  
g i v i n g  low t - s t a t i s t i c s .
A s im p le  t  e s t  f o r  h e t e r o s c e d a s t i c i t y  has  been  
su g g e s te d  by G l e j s e r  i n  which  t h e  a b s o l u t e  v a l u e s  
o f  th e  r e s i d u a l s  a r e  r e g r e s s e d  on th e  in d e p e n d e n t
g
v a r i a b l e s .  The p r e s e n c e  o f  h e t e r o s c e d a s t i c i t y  i s  
judged  by t h e  s i g n i f i c a n c e  o f  t h e  r e s u l t i n g  c o e f f i c i e n t s .
H e t e r o s c e d a s t i c i t y  i s  most  l i k e l y  t o  o c c u r  w h e n . th e  
v a l u e s  o f  th e  v a r i a b l e  s v a r y  w i d e ly .  C o n se q u e n t ly ,  i t  
i s  more o f  a  p roblem i n  s t u d i e s  u s i n g  c r o s s - s e c t i o n a l  
d a t a  r a t h e r  t h a n  t ime s e r i e s  d a t a .
I f  t h e  e s t i m a t e s  o f  t h e  p a r a m e t e r s  o f  a r e g r e s s i o n  
model , o b t a i n e d  from a sample o f  o b s e r v a t i o n s ,  a r e  
e s t i m a t e s  o f  th e  t r u e  p a r a m e t e r  v a lu e s  t h e n  t h e  e s t i m a t e s  
a r e  s a i d  to be u n b i a s e d .  The d i s c u s s i o n  above concerned  
t h e  a c c u ra c y  o f  u n b ia s e d  p a ra m e te r  e s t i m a t e s .  However, 
i t  can be shown t h a t ,  i n  c e r t a i n  c i r c u m s t a n c e s ,  t h e  
e s t i m a t e s  may n o t  r e f l e c t  t h e  t r u e  p a ra m e te r  v a l u e s ;  
t h a t  i s ,  t h e  e s t i m a t e s  a r e  b i a s e d .
6. H. G l e j s e r ,  A New T es t  f o r  H e t e r o s c e d a s t i c i t y ,
"J o u r n a l  o f  th e  American S t a t i s t i c a l  
A s s o c i a t i o n ". Volume 6 4 , 1969*
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B ias  can o c c u r  when a v a r i a b l e  i s  i n c o r r e c t l y  
ex c lud ed  from a  s e t  o f  i n d e p e n d e n t  v a r i a b l e s .  I f  
t h e  v a r i a b l e  i s  n o t  c o r r e l a t e d  w i th  any o f  t h e  
i n c l u d e d  in d e p e n d e n t  v a r i a b l e s ,  t h e  i n f l u e n c e  o f  
t h e  v a r i a b l e  w i l l  be i n c l u d e d  p u r e l y  i n  t h e  e r r o r  
t e rm .  However, i n  g e n e r a l ,  i n d e p e n d e n t  v a r i a b l e s  
w i l l  n o t  be o r t h o g o n a l .  I f  t h e  o m i t te d  v a r i a b l e  i s  
c o r r e l a t e d  w i t h  one o f  th e  in d e p e n d e n t  v a r i a b l e s ,  t h e  
c o e f f i c i e n t  o f  t h e  i n d e p e n d e n t  v a r i a b l e  w i l l ,  i n  p a r t ,  
r e p r e s e n t  t h e  i n d i r e c t  im p a c t  o f  t h e  o m i t t e d  v a r i a b l e
and w i l l  be b i a s e d .
In  p r a c t i c e  i t  may be d i f f i c u l t  t o  d e t e c t  whe ther
an e x p l a n a t o r y  v a r i a b l e  has  been exc luded  from a model 
u n l e s s  t h e  c o e f f i c i e n t s  o f  t h e  model a r e  b i a s e d  to su c h  
an e x t e n t  t h a t  t h e y  c o n f l i c t  w i t h  t h e  g e n e r a l  p r e d i c t i o n s  
of  economic t h e o r y .  I f  t h e  exc luded  v a r i a b l e  i s  a u t o -  
c o r r e l a t e d  i t  may be d e t e c t e d  i n  th e  e r r o r  term  by t h e  
Durbin-Watson s t a t i s t i c .  However, ab sen ce  o f  a u t o ­
c o r r e l a t i o n  does n o t  n e c e s s a r i l y  imply  t h a t  a  model has  
been  c o r r e c t l y  s p e c i f i e d .  N e i t h e r  does a h i g h  c o r r e l a t i o n  
c o e f f i c i e n t  i n d i c a t e  t h a t  a l l  i m p o r t a n t  e x p l a n a t o r y  
v a r i a b l e s  have been  i n c l u d e d .  C o n v e rse ly ,  a  low 
c o r r e l a t i o n  c o e f f i c i e n t  does n o t  n e c e s s a r i l y  im ply  t h a t  
a  model has  been  m i s - s p e c i f l e d . Accord ing  t o  K l e in
’ I f  an  e c o n o m e t r i c i a n  p r o v i d e s  an e x p l a n a t i o n  a p a r t
7from a random f a c t o r ,  no more can be a sk ed  o f  h im 1.
7 .  L.K. K l e i n ,  "An I n t r o d u c t i o n  t o  E c o n o m e t r i c s ” ,
P re n tic e  H a l l ,  1962.
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I n  t h e  l e a s t  sq u a re s  t e c h n iq u e  i t  i s  assumed t h a t  
t h e  d i r e c t i o n  o f  c a u s a t i o n  i s  one way; t h a t  i s ,  t h e  
in d e p e n d e n t  v a r i a b l e s ,  and t h e  e r r o r  t e rm ,  cause  t h e  
dependen t  v a r i a b l e  t o  assume p a r t i c u l a r  v a l u e s .  I f  
t h e r e  i s  two-way c a u s a t i o n ,  i n  which an ' i n d e p e n d e n t  
v a r i a b l e '  i s  s i m u l t a n e o u s l y  d e te rm in ed  w i th  t h e  
dependen t  v a r i a b l e ,  s i n c e  t h e  dependent  v a r i a b l e  i s  a  
f u n c t i o n  o f  t h e  e r r o r  te rm  t h e  ' i n d e p e n d e n t  v a r i a b l e '  
w i l l  a l s o  be a  f u n c t i o n  o f  th e  e r r o r  t e rm .  The 
' i n d e p e n d e n t  v a r i a b l e '  i s ,  t h e r e f o r e ,  a  j o i n t l y  
d ependen t  v a r i a b l e .
The method o f  l e a s t  s q u a r e s  i n v o l v e s  g i v i n g  as  
l i t t l e  weight  as  p o s s i b l e  t o  t h e  e r r o r  term and as  
much as  p o s s i b l e  t o  t h e  e x p l a n a t o r y  v a r i a b l e s .  S ince  
t h e  e r r o r  te rm  does  n o t  app ea r  i n  t h e  e s t i m a t e d  
r e g r e s s i o n  e q u a t i o n ,  some o f  t h e  e f f e c t  of  t h e  e r r o r  
te rm  w i l l  be p a r t l y  a b so rb ed  by t h e  c o e f f i c i e n t  o f  t h e  
' i n d e p e n d e n t  v a r i a b l e *  c a u s i n g  i t  to  be b i a s e d .
To avo id  b i a s e d  c o e f f i c i e n t s ,  a l l  v a r i a b l e s  t h a t  
a r e  f u n c t i o n s  o f  t h e  e r r o r  te rm  must be t r e a t e d  as 
dependen t  v a r i a b l e s .  T h is  r e q u i r e s  t h e  s p e c i f i c a t i o n  
o f  a  system o f  e q u a t i o n s  i n c l u d i n g  t h e  f a c t o r s  d e te r m in in g  
t h e  j o i n t l y  d ependen t  v a r i a b l e s .  S im u l taneou s  e q u a t i o n  
e s t i m a t i n g  t e c h n i q u e s ,  s u c h  as  tw o -s ta g e  l e a s t  s q u a r e s ,  
can  t h e n  be a p p l i e d .  However, p r a c t i c a l  e x p e r i e n c e  
s u g g e s t s  t h a t  th e  a c t u a l  r e s u l t s  o f  u s i n g  s im u l t a n e o u s
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e q u a t i o n  e s t i m a t i n g  t e c h n i q u e s  a r e  o f t e n  n o t  very-
d i f f e r e n t  f rom t h o s e  e s t i m a t e d  by t h e  s i n g l e  e q u a t i o n
8l e a s t  s q u a r e s  t e c h n i q u e .
In  m odels  u s i n g  l a g g e d  v a lu e s  o f  t h e  dependen t
v a r i a b l e  a s  an  e x p l a n a t o r y  v a r i a b l e  i t  can be shown
t h a t  t h e  l a g g e d  d ep enden t  v a r i a b l e  i s  n o t  o n ly  a
f u n c t i o n  of  t h e  lagg ed  e r r o r  te rm  bu t  a l s o  a l l  p r e v i o u s
v a l u e s  of  th e  e r r o r  te rm .  T h is  c a u s e s  t h e  l e a s t
s q u a r e s  t e c h n i q u e  t o  g ive  b i a s e d  r e s u l t s ,  e s p e c i a l l y
i n  sm a l l  sa m p le s .  However, u n l i k e  t h e  case  o f
s im u l t a n e o u s  e q u a t i o n  b i a s ,  t h e r e  i s  no p r a c t i c a l
method o f  e s t i m a t i o n  t h a t  g iv e  u n b ia s e d  p a ra m e te r
e s t i m a t e s  i n  a  model c o n t a i n i n g  a la g g e d  d e p en d e n t  
q
v a r i a b l e .
4•2 E v a l u a t i n g  t h e  e f f i c i e n c y / d e m a n d  f u n c t i o n .
P a ra m e te r  e s t i m a t e s ,  o b t a i n e d  from a n n u a l  d a t a  
f o r  t h e  p e r i o d  I960  t o  1974 and u s i n g  t h e  s i n g l e  
e q u a t i o n  l e a s t  s q u a r e s  t e c h n i q u e ,  a r e  p r e s e n t e d  i n  
t h e  n e x t  s e c t i o n .  For e ach  e q u a t io n  t ~ s t a t i s t i c s  
and t e s t s  f o r  t h e  p r e s e n c e  o f  a u t o c o r r e l a t i o n  and 
m u l t i c o l l i n e a r i t y  a r e  made. A t e s t  f o r  h e t e r o -  
s c e d a s t i c i t y  i s  a l s o  made i n  t h e  case  o f  t h e  e x te n d ed
8 .  C. Rob inson ,  "B u s in e s s  F o r e c a s t i n g ". N e lso n ,  1971.
9 .  J .  S t e w a r t ,  "U n d e r s t a n d in g  E c o n o m e t r i c s ".
H utch inson , 1976.
-  97 -
e f f i c i e n c y / d e m a n d  f u n c t i o n  b e ca u se  i t  i s  a  r e l a t i v e l y  
more c o m p l ic a te d  e q u a t i o n .
The f i r s t  e q u a t i o n  t o  be  p r e s e n t e d  f o r  each  ' 
i n d u s t r y  i s  t h e  b a s i c / e f f i c i e n c y  demand f u n c t i o n ,  i n  
which  f u e l  i n p u t  i s  e x p re s s e d  a s  a f u n c t i o n  o f  o u t p u t ,  
t h e  p r o p o r t i o n  o f  p o t e n t i a l  h e a t  s u p p l i e d  by c o a l  and 
th e  p r o p o r t i o n  o f  p o t e n t i a l  h e a t  s u p p l i e d  by g a s .
The c o e f f i c i e n t  o f  t h e  p r o p o r t i o n  of  p o t e n t i a l  h e a t  
s u p p l i e d  by c o a l  i s  t h e  e f f i c i e n c y  o f  c o a l  r e l a t i v e  
t o  th e  e f f i c i e n c y  o f  o i l  and t h e  c o e f f i c i e n t  o f  t h e  
p r o p o r t i o n  o f  p o t e n t i a l  h e a t  s u p p l i e d  by gas  i s  t h e  
e f f i c i e n c y  o f  gas  r e l a t i v e  t o  t h e  e f f i c i e n c y  o f  o i l .
The o u tp u t  e l a s t i c i t y  can  be d i r e c t l y  compared w i th  
t h e  th e rm a l  ene rg y  c o e f f i c i e n t  f o r  th e  i n d u s t r y  g i v e n  
i n  Table  6.
The second e q u a t i o n  t o  be e s t im a t e d  i s  t h e  
ex ten ded  e f f i c i e n c y / d e m a n d  f u n c t i o n  which ,  i n  a d d i t i o n  
to  o u t p u t ,  t h e  p r o p o r t i o n  o f  p o t e n t i a l  h e a t  s u p p l i e d  
by c o a l  and t h e  p r o p o r t i o n  o f  p o t e n t i a l  h e a t  s u p p l i e d  
by g a s ,  a l s o  i n c l u d e s  p r i c e  and t e m p e r a t u r e  v a r i a b l e s .  
However, s i n c e  t h e  c a l c u l a t i o n  o f  p r i c e  r e q u i r e s  
knowledge of  r e l a t i v e  e f f i c i e n c y  v a l u e s ,  t h e  i t e r a t i v e  
p r o c e d u r e  o u t l i n e d  i n  s e c t i o n  2 .1 7 1 ,  r e q u i r i n g  s e v e r a l  
r e g r e s s i o n  r u n s ,  must be u se d .
I f  e f f i c i e n c y  v a l u e s  a r e  known, t h e n  t h e  c o e f f i c i e n t s  
o f  t h e  p r o p o r t i o n  o f  p o t e n t i a l  h e a t  s u p p l i e d  by o i l  and
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t h e  p r o p o r t i o n  o f  p o t e n t i a l  h e a t  s u p p l i e d  by gas  a re  
a l s o  known. C o n se q u e n t ly  r e s t r i c t e d  l e a s t  s q u a r e s  
can be a p p l i e d  to  t h e  e f f i c i e n t l y  /demand f u n c t i o n  to  
o b t a i n  e s t i m a t e s  o f  e l a s t i c i t i e s . 1^ I n  t h e  t h i r d  
e q u a t i o n  t h e  e x ten ded  e f f i c i e n c y /d e m a n d  f u n c t i o n  i s  
e s t i m a t e d ,  by r e s t r i c t e d  l e a s t  s q u a r e s ,  u s i n g  t h e  
e f f i c i e n c y  d a t a  p r o v id e d  by Cambridge I n f o r m a t i o n  
and R e se a rc h  S e r v i c e s  L td .
The r e l a t i v e  e f f i c i e n c i e s  e s t i m a t e d  by t h e  
e f f i c i e n c y / d e m a n d  f u n c t i o n  w i l l  now be c a l l e d  
endogenous e f f i c i e n c i e s  s i n c e  t h e y  a r e  d e te rm in ed  
by t h e  e q u a t i o n .  The e n g i n e e r i n g  e s t i m a t e s  o f
10 .  I f  a  f u n c t i o n  i s  o f  t h e  form,
Y = a  + bXj  ^ + cX2
and th e  v a l u e  o f  c i s  known, i t  can be
e s t im a t e d  a s :
(Y -  cX2 ) = a  + bXj^
T h is  i s  known as  r e s t r i c t e d  l e a s t  s q u a r e s .
When r e s t r i c t e d  l e a s t  s q u a r e s  i s  used  i n  th e  
n e x t  s e c t i o n  t h e  d e pen d en t  v a r i a b l e  w i l l  be 
marked by an a s t e r i s k .
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e f f i c i e n c y  p ro v id e d  by Cambridge I n f o r m a t i o n  and 
R e se a rc h  S e r v i c e s  L t d . ,  on t h e  o t h e r  hand,  a r e  
d e te rm in e d  i n d e p e n d e n t l y  and w i l l  now be termed 
exogenous e f f i c i e n c i e s .
The second and t h i r d  e q u a t i o n s  a l l o w  t h e  
com par ison  of o u t p u t ,  p r i c e  and t e m p e r a t u r e  
e l a s t i c i t i e s  o b t a i n e d  from u s i n g  endogenous 
and exogenous e f f i c i e n c y  f a c t o r s .  In  s e c t i o n  
2 .2  i t  was shown t h a t  e f f i c i e n c y  f a c t o r s  a r e  
a l s o  n e c e s s a r y  when t h e  m ark e t  s h a r e  o f  h e a t  
d e r ived ,  from a  f u e l  i s  c a l c u l a t e d .  To o b t a i n  
a f u r t h e r  com par ison  o f  t h e  r e s u l t s  g i v e n  by 
endogenous and exogenous e f f i c i e n c y  f a c t o r s ,  
s t a t i c  and dynamic m arke t  sh a re  models  f o r  o i l ,  
c o a l  and gas  a r e  a l s o  p r e s e n t e d .
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SYMBOLS
l o g  L og ar i th m  t o  t h e  base  10
F A gg rega te  p o t e n t i a l  h e a t  s u p p l i e d
by f u e l s  
0 Output
SC P r o p o r t i o n  o f  p o t e n t i a l  h e a t  s u p p l i e d
by c o a l
80 P r o p o r t i o n  o f  p o t e n t i a l  h e a t  s u p p l i e d
by gas
P P r i c e  p e r  u n i t  o f  f u e l  i n p u t  a c c o u n t i n g
f o r  d i f f e r e n t i a l  e f f i c i e n c y  
T T em pera tu re
STO P r o p o r t i o n  o f  th e r m a l  energy  d e r iv e d
from o i l
STG P r o p o r t i o n  of th e rm a l  energy  d e r i v e d
from c o a l
STG P r o p o r t i o n  of  th e rm a l  energy  d e r i v e d
from gas
POO P r i c e  of  o i l  r e l a t i v e  t o  c o a l
POG P r i c e  o f  o i l  r e l a t i v e  t o  gas
POO P r i c e  o f  c o a l  r e l a t i v e  t o  o i l
POG P r i c e  o f  c o a l  r e l a t i v e  t o  gas
4»3 The es tim a ted  e q u a tio n s .
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PGO P r i c e  o f  gas  r e l a t i v e  to o i l
PGO P r i c e  o f  gas r e l a t i v e  t o c o a l
3T01 STO la g g e d  by one y e a r
STOL BTC la g g e d  by one y e a r
STGL S1G la g g e d  by one y e a r
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4.31 ALL INDUSTRY
4.311 Basic efficiency/deinand function
l o g F  = 3 . 0 1 0  + 0 . 6 4 7 1 o g 0  + 0 . 0 9 2 S C  -  0 . 0 3 7 S G
(t=4 .1 2 ) (t = 1 .3 8 ) (t= 0 .6 9 )
R 2 = 0.91 DW = 1.73
^  e2 = 0.00059 n = 15
Correlation determinant = 0.02
Efficiency of coal relative to oil = 0,81 
Efficiency of gas relative to oil = 1.09
4.312 Extended efficiency/demand function 
4.3121 Convergence sequence
Iteration Efficiency of coal Efficiency of gas 
relative to oil relative to oil
1 0.79 O . 8 3
2 O . 7 6 0 . 8 2
3 0 . 7 5  0.82
4 0.75 0.82
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4 . 3 1 2 2
4.3123
Variable
logO
SC
SC
logP
logT
logF = 3.008 + 0.474log0 + 0.126SC + 0.088SG 
■ (t=3 .6 7 ) (t=2,46) (t = 1 .6 6 )
- 0.196logP + 0.0251ogT 
(t=3.6 7 ) (1>=0.31)
Equation at convergence .
2R - 0.96 DW = 1.34
£  e2 = 0 . 0 0 0 2 5  n s 15
Efficiency of coal relative to oil = 0.75 
Efficiency of gas relative to oil = 0.82
Correlations between Independent variables 
logO SC SG logP logT
1 . 0 0  -0.97 0 . 7 3  -0 . 7 6  0 . 2 9
1 . 0 0  -0 . 8 1 O . 6 9 -0 . 2 1
1 . 0 0  -0.24 0 . 1 9
1 . 0 0  - 0 . 1 9
1 .00
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4.3124 Correlations between independent variables 
and absolute residuals
Variable Correlation with ^ F-statistic
absolute residuals (R~)
logO 0.06 0 . 7 9
SC 0.03 0.35
SG 0.03 0.43
logP 0.06 0.86
logT 0.06 0.83
4.313 Demand function incorporating exogenous 
efficiency estimates
logF* = 2.909 + 0.604log0 - 0.1221ogP
(t=13.7) (t=2.91)
+ 0.0131ogT 
(t=0 .1 6)
R 2  = 0 . 9 8  DW = 1 . 0 7
e2 = 0 . 0 0 0 3 5  n = 15
Correlation determinant = 0.34
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4.31^ Static market share models incorporating 
endogenous efficiency estimates
logSTO = -0.251 - 0.196logP0C + 0.2551ogP0G
(t=o.5 2 ) (t=i.7 7 )
R 2 = 0.30 DW = 0.18
e2 = 0 . 1 2 1 1 6  n = 15
Correlation determinant = 0.41
logSTC = -0.557 + 0•1601ogPC0 - 0.5551ogPCG
(t=0 .82) (t=5•5 8 )
R 2 = 0 . 8 2  DW = 0.23
^  e2 = 0 . 0 5 7 6 1 n = 15
Correlation determinant = 0.68
logSTG = - O . 8 3 6 - 0.2751ogPG0 - 0.824logPGC
(t=2.49) (t=5.51)
R2 = O . 9 8 DW = 1 . 8 9
£  e2 = 0 . 0 1 8 7 0  n = 15
Correlation determinant = 0.07
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.315 Static market share models Incorporating 
exogenous efficiency estimates
logSTO = -0.266 - 0.1SOlogPOC + 0.2331ogP0G
(t=0 .47) (t=1 .6 1 )
R 2 = 0.26 DW = 0.18
^  e2 = 0 . 1 2 2 6 2  n = 15
Correlation determinant = 0.41
logSTC = -0.572 + 0.l671ogPC0 - 0.578logPCG
(t=0 .8 7 ) (t=5 .84)
R 2 = 0 . 8 3  DW = 0.24
^  e2 = 0.05689 n = 15
Correlation determinant = 0.68
logSTG = -0.764 - 0.268logPG0 - 0.808logPGC
(t=2.49) (t=5.55)
R 2 = 0.98 DW = 1.93
e2 = 0.01775 n = 15
Correlation determinant = 0,07
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4*316 Dynamic market share models incorporating 
endogenous efficiency estimates
logSTO = -0.031 + O .026logP0C - 0.0501ogP0G
(t=0.55) (t=2.46)
+ 0.8971ogST0L 
(t =28.66)
R 2 = 0.99 DW = 1 . 8 2
e2 = 0 . 0 0 1 6 0  n = 15
Correlation determinant = 0.23
Long run oil/coal price elasticity = 0.25 
Long run oil/gas price elasticity = -0.48
logSTC = -0.060 + 0•028logPC0 - 0.0421ogPCG
(t=0 .44) (t=0 .7 1 )
+ 0.9551ogSTCL
( t = i o . 4 4 )
R 2 = 0 . 9 8  D W as 1 . 4 9
£ e2 = 0 . 0 0 5 2 8  n = 15
Correlation determinant = 0.14
Long run coal/oil price elasticity = 0 . 6 2
Long run coal/gas price elasticity = -0*94
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4.317
logSTG a -0.508 - 0.2371ogPG0 - 0.5501ogPGC
Long run gas/oil price elasticity = -O . 3 6  
Long run gas/coal price elasticity = -0.84
Dynamic market share models incorporating 
exogenous efficiency estimates
logSTO = -0.035 + 0.0301ogP0C - 0•058logP0G
(t=2 .8 0 ) (t=3 .8 5 )
+ 0.346logSTGL 
(t=3*14)
R 2 = 0.99 
^  e2 = 0 . 0 0 9 8 6
Correlation determinant
DW = 2 o 25
n = 15
0 . 0 1
(t=0 .6 6 ) ( t = 2 . 9 3 )
+ 0.8971ogST0L
(t=29.27)
R 2 = 0.99 
e2 = 0 . 0 0 1 5 5
DW a 1.85
n = 15
Correlation determinant = 0.26
Long run oil/coal price elasticity a 0.29
Long run oil/gas price elasticity = -O .56
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l o g S T C  = - 0 . 0 6 8  + O . O j a i o g P C O  -  0 . 0 5 3 1 o g P C G
(t=0 ,5 0 ) (t=0 .8 7 )
+ 0.9471ogSTCL 
(t= 1 0 .0 6 )
R 2 = 0 . 9 8  DW = 1 .44
^  e2 = 0.00558 n = 15
Correlation determinant = 0.11
Long run coal/oil price elasticity = 0.61 
Long run coal/gas price elasticity = -1.01
logSTG = -0.469 - 0.2321ogPG0 - 0.5451ogPGC
(t=2.77) (t=3.83)
+ 0.3381ogSTGL 
(t=3.03)
R2 = 0.99 DW = 2.25
^  e2 = O.OO968 n = 15
Correlation determinant = 0,01
Long run gas/oil price elasticity = -0.35 
Long run gas/coal price elasticity = -0o82
-  1 1 0
The b a s i c  e f f i c i e n c y / d e m a n d  f u n c t i o n  ( e q u a t i o n  
4 .3 1 1 )  e s t i m a t e s  t h e  e f f i c i e n c y  of  c o a l  r e l a t i v e  t o  o i l  
a s  0 .81  and t h e  e f f i c i e n c y  o f  gas r e l a t i v e  t o  o i l  as
1 .0 9 ;  b o th  t h e s e  v a l u e s  a r e  t h e o r e t i c a l l y  p l a u s i b l e  
b u t  s l i g h t l y  h i g h e r  t h a n  t h e  exogenous e s t i m a t e s  o f  
r e l a t i v e  e f f i c i e n c y .  The o u tp u t  e l a s t i c i t y  o f  0 .65  
i s  low er  t h a n  t h e  th e r m a l  energy  c o e f f i c i e n t  o f  0 .7 0  
and r e f l e c t s  t h e  h i g h e r  r e l a t i v e  e f f i c i e n c y  a t t r i b u t e d  
by th e  e q u a t i o n  t o  c o a l  which was t h e  p red o m in an t  f u e l  
when o u t p u t  was low.
S t a t i s t i c a l l y  t h e  o u t p u t  e l a s t i c i t y  i s  h i g h l y  
s i g n i f i c a n t  bu t  t h e  r e l a t i v e  e f f i c i e n c y  e s t i m a t e s  a re  
l e s s  so;  t h e  e f f i c i e n c y  o f  c o a l  r e l a t i v e  t o  o i l  i s  
s i g n i f i c a n t  a t  t h e  20$ l e v e l  w h i l e  t h e  e f f i c i e n c y  o f  
gas  r e l a t i v e  t o  o i l  does  n o t  become s i g n i f i c a n t  u n t i l  
a much lower  l e v e l .  One o f  t h e  f a c t o r s  c o n t r i b u t i n g  
to  th e  g e n e r a l l y  low l e v e l  o f  s i g n i f i c a n c e  i s  i l l u s t r a t e d  
by Graph 3 and Graph 5« Between I960  and 1973 t h e  p r i c e  
a d v a n ta g e  of  o i l  o v e r  c o a l  caused  a c o n t in u o u s  d e c l i n e  i n  
t h e  p r o p o r t i o n  o f  p o t e n t i a l  h e a t  s u p p l i e d  by c o a l .
During  t h e  same p e r i o d  o u t p u t  c o n t i n u o u s l y  i n c r e a s e d .  
C o n se q u e n t ly ,  t h e r e  i s  a  h i g h  deg re e  o f  m u l t i c o l l i n e a r i t y  
i n  t h e  b a s i c  e f f i c i e n c y / d e m a n d  f u n c t i o n ;  t h e  c o r r e l a t i o n
p
d e te r m i n a n t  h a v in g  a  v a l u e  o f  0 .0 2 .  The r  be tween th e  
p r o p o r t i o n  o f  p o t e n t i a l  h e a t  s u p p l i e d  by c o a l  and o u tp u t
4.318 In te r p r e ta t io n  o f  r e s u l t s .
-  I l l  -
i s  0 .9 4 .  The m u l t i c o l l i n e a r i t y ,  a c c o r d i n g  t o  K l e i n ’ s 
c r i t e r i o n ,  may t h e r e f o r e  be h a rm f u l .  The low l e v e l  o f  
s i g n i f i c a n c e  o f  t h e  e f f i c i e n c y  o f  gas r e l a t i v e  to  o i l  
may p a r t l y  be caused  by t h e  l a c k  o f  v a r i a t i o n  i n  t h e  
p r o p o r t i o n  o f  p o t e n t i a l  h e a t  s u p p l i e d  by gas  be tween 
I9 6 0  and 1970 due t o  t h e  n o n - c o m p e t i t i v e  n a t u r e  o f  gas  
s a l e s .
The Durb in-W aison  s t a t i s t i c  shows t h a t  t h e r e  i s  
a  s l i g h t  t e n d e n c y  to w ard s  p o s i t i v e  a u t o c o r r e l a t i o n  b u t  
t h e  Durbin-W atson t e s t  does n o t  i n d i c a t e  t h a t  t h e  a u t o ­
c o r r e l a t i o n  i s  s i g n i f i c a n t  a t  t h e  5$ l e v e l .
The ex te n d ed  e f f i c i e n c y / d e m a n d  f u n c t i o n
( e q u a t i o n  4*312) e s t i m a t e s  t h e  e f f i c i e n c y  o f  c o a l
r e l a t i v e  t o  o i l  a s  0 . 7 5 ,  t h e  same as t h e  exogenous
e s t i m a t e ,  and t h e  e f f i c i e n c y  o f  gas  r e l a t i v e  t o  o i l  as
0 .8 2 .  The s i g n i f i c a n c e  o f  b o t h  t h e  r e l a t i v e  e f f i c i e n c y
c o e f f i c i e n t s  i s  v e ry  much h i g h e r  t h a n  i n  t h e  b a s i c
e f f i c i e n c y / d e m a n d  f u n c t i o n ,  p o s s i b l y  due t o  t h e  o v e r a l l  
2i n c r e a s e  m  R . A cco rd in g  t o  K l e i n ' s  c r i t e r i o n  t h e  
m u l t i c o l l i n e a r i t y  i s  no l o n g e r  h a rm fu l .  The lo w e r  
o u t p u t  e l a s t i c i t y  r e s u l t s  from th e  low er  l e v e l  o f  
e f f i c i e n c y  e s t i m a t e d  f o r  gas  r e l a t i v e  t o  o i l .
A h i g h l y  s i g n i f i c a n t  p r i c e  e l a s t i c i t y  o f  - 0 . 2 0  
i s  o b t a i n e d  from t h e  e x te n d e d  e f f i c i e n c y / d e m a n d  f u n c t i o n  
i n d i c a t i n g  t h a t  o t h e r  f a c t o r s  can s u b s t i t u t e  t o  a. l i m i t e d ,  
b u t  d e f i n i t e ,  e x t e n t  f o r  e n e rg y .  The t e m p e r a t u r e  
e l a s t i c i t y  ha s  t h e  wrong s i g n  b u t  a l s o  has  a  v e r y  low
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t - s t a t i s t i c  i n d i c a t i n g  l a c k  o f  c a u s a l i t y .
A l though  t h e  Durb in-W atson  s t a t i s t i c  i s  low er  
t h a n  i n  t h e  b a s i c  e f f i c i e n c y / d e m a n d  f u n c t i o n ,  t h e  t e s t  
f o r  p o s i t i v e  a u t o c o r r e l a t i o n  a t  t h e  5$ l e v e l  o f  
s i g n i f i c a n c e  i s  n o t  c o n c l u s i v e .  H e t e r o s c e d a s t i c i t y  
does n o t  a p p e a r  t o  be a p rob lem .
The demand f u n c t i o n  i n c o r p o r a t i n g  exogenous 
e s t i m a t e s  o f  e f f i c i e n c y  ( e q u a t i o n  4«313) g i v e s  a 
s i g n i f i c a n t  o u t p u t  e l a s t i c i t y  o f  0 .6 0  and a  s i g n i f i c a n t  
p r i c e  e l a s t i c i t y  o f  - 0 . 1 2 .  The p r i c e  and o u t p u t  
e l a s t i c i t i e s  t h e r e f o r e  appe a r  t o  be f a i r l y  s e n s i t i v e  
to  t h e  a s su m p t io n s  made a b o u t  e f f i c i e n c y  s i n c e  t h e  
endogenous e f f i c i e n c i e s  e s t i m a t e d  by t h e  ex tended  
e f f i c i e n c y / d e m a n d  f u n c t i o n  a r e ,  i n  f a c t ,  q u i t e  s i m i l a r  
t o  th e  exogenous e s t i m a t e s .  The t e m p e r a t u r e  e l a s t i c i t y ,  
l i k e  t h a t  o f  th e  ex ten d ed  e f f i c i e n c y / d e m a n d  f u n c t i o n ,  has  
th e  wrong s i g n  and a  v e r y  low t - s t a t i s t i c .
There  a p p e a rs  to  be a  s t r o n g e r  t en d en cy  to w ard s  
a u t o c o r r e l a t i o n  here-  t h a n  i n  t h e  e f f i c i e n c y / d e m a n d  
f u n c t i o n s ,  p o s s i b l y  due t o  t h e  imposed r e s t r i c t i o n s ,  b u t  
t h e  Durbin-W atson t e s t  i s  s t i l l  i n c o n c l u s i v e  a t  t h e  5$ 
l e v e l .  A l though  m u l t i c o l l i n e a r i t y  i s  p r e s e n t  i t  does 
n o t  seem t o  be s t r o n g  enough t o  cause  p ro b lem s .
I t  i s  n o t  p o s s i b l e  t o  compare t h e  m u l t i p l e  
c o r r e l a t i o n  c o e f f i c i e n t s  o f  th e  e f f i c i e n c y / d e m a n d  f u n c t i o n s  
and t h e  demand f u n c t i o n  i n c o r p o r a t i n g  exogenous e s t i m a t e s  
o f  e f f i c i e n c y  s i n c e  t h e  d ep en d e n t  v a r i a b l e  u s i n g
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r e s t r i c t e d  l e a s t  s q u a r e s  i s  n o t  t h e  same as  i n  t h e  
u n r e s t r i c t e d  m odel .  The sums o f  squ a red  r e s i d u a l s  
c an ,  however ,  be compared and i n  t h i s  r e s p e c t  t h e  
e f f i c i e n c y / d e m a n d  f u n c t i o n  h a s  th e  a d v a n t a g e .
The e s t i m a t e s  o f  t h e  c o e f f i c i e n t s  i n  t h e  s t a t i c  
m ark e t  s h a r e  models i n c o r p o r a t i n g  b o th  endogenous and 
exogenous e f f i c i e n c y  e s t i m a t e s  a r e  s i m i l a r  and 
u n s a t i s f a c t o r y  ( e q u a t i o n s  4 .314  and 4 . 3 1 5 ) .  The 
d i f f e r e n c e  be tw een  t h e  s t a t i c  and dynamic m arke t  s h a r e  
models  i s  t h a t  t h e  s t a t i c  m ark e t  sh a re  models  ex c lu d e  
t h e  d ep en den t  v a r i a b l e  l a g g e d  by one t im e  p e r i o d  a s  an 
i n d e p e n d e n t  v a r i a b l e .  I f  t h e  l ag g e d  v a r i a b l e  i s  a u t o ­
c o r r e l a t e d ,  t h e  e r r o r  te rm  i n  t h e  s t a t i c  model w i l l  a l s o  
be a u t o c o r r e l a t e d  s i n c e  i t  w i l l  r e f l e c t  t h e  exc luded  
v a r i a b l e .  As t h e  p r o p o r t i o n  o f  h e a t  s u p p l i e d  by o i l  
h a s  t en d e d  t o  i n c r e a s e  o v e r  t im e  and t h e  p r o p o r t i o n  of  
p o t e n t i a l  h e a t  s u p p l i e d  by c o a l  ha s  t e n d e d  to  d e c r e a s e  
i n  r e s p o n s e  t o  t h e  c o n t i n u e d  p r i c e  a d v an tag e  o f  o i l  o v e r  
c o a l ,  t h e s e  v a r i a b l e s  a r e  a u t o c o r r e l a t e d .  The s t a t i c  
o i l  and c o a l  m arke t  sh a re  models  have s e v e r e l y  a u t o ­
c o r r e l a t e d  r e s i d u a l s  s i n c e  t h e  lagg ed  v a l u e s  o f  t h e  
d ep enden t  v a r i a b l e s  do n o t  a p p e a r  a s  i n d e p e n d e n t  v a r i a b l e s .
The e x i s t e n c e  of  such  s e v e r e  a u t o c o r r e l a t i o n  i n  
t h e s e  c i r c u m s ta n c e s  i s  n o t  n e c e s s a r i l y  h a rm fu l  by i t s e l f .  
However, i f  any o f  t h e  i n c l u d e d  in d e p e n d e n t  v a r i a b l e s  a r e  
c o r r e l a t e d  w i t h  t h e  ex c lu d ed  v a r i a b l e  i n  a  p a r t i c u l a r  model ,  
b i a s e d  c o e f f i c i e n t s  w i l l  be o b t a i n e d  since- th e  c o e f f i c i e n t s  
w i l l  a b so rb  i n d i r e c t l y  t h e  impact  o f  t h e  exc luded  v a r i a b l e .
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I n  Table  7 t h e  c o r r e l a t i o n s  be tween th e  in d e p e n d e n t  
v a r i a b l e s  i n c l u d e d  i n  t h e  s t a t i c  m arke t  s h a r e  models 
i n c o r p o r a t i n g  endogenous e f f i c i e n c y  e s t i m a t e s  and t h e  
ex c luded  lag g e d  d ependen t  v a r i a b l e s  a r e  g i v e n  t o g e t h e r  
w i t h  t h e  c o e f f i c i e n t s  e s t i m a t e d  i n  t h e  s t a t i c  m odels .
Most o f  t h e  c o r r e l a t i o n s  a r e  q u i t e  s t r o n g .  I n  some 
c a s e s  th e  p o s i t i v e  c o r r e l a t i o n s  a p p e a r  t o  have been 
s t r o n g  enough t o  g iv e  wrong s i g n s  t o  c o e f f i c i e n t s  t h a t  
sho u ld  be n e g a t i v e .  T h is  o c c u r s  b ecau se  l a g g e d  marke t  
s h a r e  should  be p o s i t i v e l y  r e l a t e d  to  c u r r e n t  m arke t  
s h a r e .  I n  o t h e r  c a s e s ,  when t h e  c o r r e l a t i o n  i s  n e g a t i v e ,  
h i g h l y  s i g n i f i c a n t  c o e f f i c i e n t s  w i t h  n e g a t i v e  s i g n s  a r e  
o b t a in e d  and a l t h o u g h  t h e s e  c o e f f i c i e n t s  a r e  s u p e r f i c i a l l y  
s a t i s f a c t o r y ,  t h ey  a r e ,  i n  f a c t ,  q u i t e  s e r i o u s l y  b i a s e d  
b eca u se  th e y  r e f l e c t  t h e  i n f l u e n c e  o f  t h e  exc luded  
v a r i a b l e .  The e x i s t e n c e  of n o n - n e g l i g i b l e  c o r r e l a t i o n s  
be tw een  th e  p r i c e  v a r i a b l e s  and t h e  lag g e d  m arke t  s h a r e  
v a r i a b l e s  t h e r e f o r e  r e n d e r s  t h e  s t a t i c  m arke t  s h a r e  models 
i n a p p r o p r i a t e  f o r  d e s c r i b i n g  demand.11
As i n  t h e  c a s e  o f  t h e  s t a t i c  m odels ,  t h e  dynamic 
models  i n c o r p o r a t i n g  endogenous and exogenous e f f i c i e n c y  
e s t i m a t e s  g iv e  v e r y  s i m i l a r  r e s u l t s  ( e q u a t i o n s  4*316 and 
4 . 3 1 7 ) .  The l a g g e d  d e p en den t  v a r i a b l e  i s  h i g h l y  s i g n i f i c a n t
11 .  T h is  p a t t e r n  i s  r e p e a t e d  f o r  a l l  i n d u s t r i a l  g ro u p s .
S t a t i c  m arke t  sh a re  models w i l l  n o t ,  t h e r e f o r e ,  be 
p r e s e n t e d  i n  t h e  f o l l o w i n g  s e c t i o n s .
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Table  7 gQ.rr .e laM.ons between in d e p e n d e n t  v a r i a b l e s
i n  s t a t i c  m arke t  s h a r e  models i n c o r p o r a t i n g  
endogenous e f f i c i e n c y  e s t i m a t e s  and l a g g e d  
depend en t  v a r i a b l e s .
V a r i a b l e C o r r e l a t i o n  w i t h  
la g g e d  d e p en den t  
v a r i a b l e
C o e f f i c i e n t  i n  
s t a t i c  model
logPOC
logPOG
logPOO
logPCG
logPGO
logPGC
0 . 4 0  
0 . 6 0  
0 .57  
-0.89 
-0.91 
-0.94
- 0 . 1 9 6  ( t = 0 . 52)
0 .255  ( t = 1 . 7 7 )
0 .1 6 0  ( t = 0 . 8 2 )
- 0 .5 5 5  ( t = 5 . 58)
- 0 .2 7 5  ( t = 2 .49)
- 0 . 8 2 4  ( t = 5 . 51)
i n  each  model .  However, n o t  a l l  t h e  p r i c e  c o e f f i c i e n t s  
have  h ig h  t - s t a t i s t i c s  o r  c o r r e c t  s i g n s .  The r e a s o n  f o r  
t h i s  i s  e x p l a i n e d  i n  T ab le  8 which  shows t h e  c o r r e l a t i o n s  
b e tw een  t h e  a b s o l u t e  p r i c e s  o f  f u e l s .  I f  an in d e p e n d e n t  
v a r i a b l e  shows l i t t l e  v a r i a t i o n  i t  i s  d i f f i c u l t  f o r  
r e g r e s s i o n  a n a l y s i s  t o  d e te r m in e  a c c u r a t e l y  t h e  i n f l u e n c e  
o f  t h a t  v a r i a b l e  w i t h  r e s p e c t  t o  t h e  dependen t  v a r i a b l e .  
The p r i c e  o f  o i l  and t h e  p r i c e  o f  c o a l  a r e  ve ry  s t r o n g l y  
p o s i t i v e l y  c o r r e l a t e d  so t h e  p r i c e  r a t i o ,  which a p p e a r s  i n  
b o th  o i l  and c o a l  m arke t  s h a r e  models ,  w i l l  have  shown 
v e r y  l i t t l e  v a r i a t i o n .  A f a i r l y  s t r o n g  p o s i t i v e  
r e l a t i o n s h i p  a l s o  e x i s t s  be tween t h e  p r i c e  o f  c o a l  and 
t h e  p r i c e  o f  g a s .
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Table 8 C o rre la t io n s  between a b so lu te  f u e l  p r ic e s .
P r i c e  v a r i a b l e O i l Coal Gas
O i l 1 .0 0 0 .96 - 0 . 5 6
Coal 1 .0 0 0 .7 7
Gas 1 .0 0
A nothe r  f a c t o r  c o n t r i b u t i n g  t o  t h e  l a c k  o f  
s i g n i f i c a n c e  may be t h e  a c c u r a c y  o f  t h e  p r i c e  d a t a .
The p r i c e s  o f  o i l  and c o a l  a r e  n o t  t h e  p r i c e s  a c t u a l l y  
p a id  by i n d u s t r i a l  consumers b u t  e s t i m a t e s  o f  
r e p r e s e n t a t i v e  p r i c e s  c a l c u l a t e d  by t h e  Depar tment  o f  
E nergy .  The p r i c e  o f  g a s ,  on t h e  o t h e r  hand,  i s  t h e  
a v e ra g e  revenue  r e c e i v e d  by t h e  gas  i n d u s t r y  from s a l e s  
t o  i n d u s t r i a l  consum ers .
I n  c a s e s  where t h e  p r i c e  c o e f f i c i e n t s  a p p e a r  t o  be 
s i g n i f i c a n t l y  e s t i m a t e d ,  t h e  l o n g  ru n  p r i c e  e l a s t i c i t i e s  
a r e  r a t h e r  low. The long  r u n  p r i c e  e l a s t i c i t i e s  a r e  
c a l c u l a t e d  from t h e  p r i c e  c o e f f i c i e n t s  and t h e  c o e f f i c i e n t  
o f  t h e  lagg ed  dependen t  v a r i a b l e .  I n  s m a l l  sam ples ,  
however ,  t h e r e  a r e  a p r i o r i •g rounds  f o r  a ssum ing  t h a t  th e  
c o e f f i c i e n t  o f  t h e  l a g g e d  v a r i a b l e  i s  b i a s e d .  To t e s t  
w h e th e r  t h i s  i s  t h e  cau se  o f  th e  low lo n g  r u n  p r i c e  
e l a s t i c i t i e s ,  d a t a  f o r  each i n d u s t r y  was p o o led  g i v i n g  
a  much l a r g e r  sample  i n  which  t h e  b i a s  i s  known, on 
t h e o r e t i c a l  g ro u n d s ,  to  be l e s s  s t r o n g .  However, t h e
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pooled  sample y i e l d e d  e l a s t i c i t i e s  o f  t h e  same o r d e r
o f  m agni tude  i n d i c a t i n g ,  p e r h a p s ,  t h a t  t h e  low
e l a s t i c i t i e s  r e s u l t  f rom t h e  c h a r a c t e r i s t i c s  o f  t h e
ip
d a t a  r a t h e r  t h a n  b i a s .
In  g e n e r a l ,  u n l e s s  t h e o r e t i c a l l y  i m p l a u s i b l e  
e s t i m a t e s  o f  c o e f f i c i e n t s  a r e  o b t a i n e d  from one s e t  
o f  e f f i c i e n c y  e s t i m a t e s  and n o t  th e  o t h e r ,  t h e  
e s t i m a t e s  of th e  c o e f f i c i e n t s  o f  t h e  m arke t  s h a r e  
models  canno t  be used  d i r e c t l y  f o r  e v a l u a t i n g  
a l t e r n a t i v e  e f f i c i e n c y  e s t i m a t e s .  ^ However, t h e  
m arke t  s h a r e  m odels  d e s c r i b e  t h e  f a c t o r s  d e te r m in in g  
th e  m arke t  s h a r e s  o f  th e rm a l  en e rg y  d e r i v e d  from f u e l s .  
I f  t h e  e f f i c i e n c y  f a c t o r s  used  f o r  c a l c u l a t i n g  t h e r m a l  
energy  a r e  i n a c c u r a t e ,  t h e  models w i l l  be e s t i m a t e d  w i t h  
i n a c c u r a t e  d a t a  and t h i s  w i l l  be r e f l e c t e d  i n  t h e  
r e s i d u a l s  o f  t h e  m ode ls .  A method o f  comparing t h e  
pe rfo rm ance  of  endogenous and exogenous e f f i c i e n c y
12 .  The comments above a b o u t  m arke t  sh a re  models a l s o  
a p p ly  to  t h e  i n d i v i d u a l  i n d u s t r y  e s t i m a t e s  i n  t h e  
f o l l o w i n g  s e c t i o n s  and w i l l  n o t  be r e p e a t e d .
13* The e s t i m a t e s  o f  t h e  c o e f f i c i e n t s  i n  m arke t  s h a r e  
models w i l l  n o t  be d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n s  
u n l e s s  s i g n i f i c a n t  d i f f e r e n c e s  o c c u r .  The r e a s o n  f o r  
e s t i m a t i n g  t h e  m arke t  sh a re  models i s  g iv e n  below.
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T ab le  9* . A l l  I n d u s t r y ;  Sums o f  sq u a red  r e s i d u a l s  
o f  dynamic m arke t  s h a r e  models  
i n c o r p o r a t i n g  endogenous and exogenous 
e f f i c i e n c y  e s t i m a t e s .
Heat  Sums o f  s q u a re d  r e s i d u a l s
sou rce E f f i c i e n c y e s t i m a t e s
endogenous exogenous
O i l 0 .00160 0.00155
Coal 0 .00528 0 .00558
Gas 0 .00986 0 .00968
T o ta l 0 .01674 0.01681
e s t i m a t e s  i s ,  t h e r e f o r e ,  t o  compare t h e  r e s i d u a l s  of  
t h e  marke t  s h a r e  m odels .  The most a c c u r a t e  e f f i c i e n c y  
e s t i m a t e s  w i l l  g iv e  t h e  l o w e s t  t o t a l  sum o f  squared  
r e s i d u a l s  f o r  t h e  o i l ,  c o a l  and gas m arke t  s h a r e  m odels .
The sums o f  sq u a red  r e s i d u a l s  f o r  t h e  a l l  i n d u s t r y  
models a re  g iv e n  i n  T ab le  9* In  t o t a l ,  t h e  endogenous 
e s t i m a t e s  o f  e f f i c i e n c y  g iv e  a  s l i g h t l y  l o w e r  v a lu e  t h a n  
t h e  exogenous e s t i m a t e s  s u g g e s t i n g  t h a t  t h e  endogenous 
e s t i m a t e s  a r e  c l o s e r  t o  t h e  u n d e r l y i n g  e f f i c i e n c y  v a l u e s .  
S ince  t h e  e f f i c i e n c y  o f  c o a l  r e l a t i v e  t o  o i l  i s  t h e  same 
i n  b o th  c a s e s ,  t h e  exogenous e s t i m a t e  o f  t h e  e f f i c i e n c y  
o f  gas  r e l a t i v e  t o  o i l  a p p e a r s  to  be o v e r s t a t e d .
4.321 Basic efficiency/deniand function
logF = 2.499 + 0.666log0 + 0.034SC - 0.854SG 
(t =3 • 2,8) (t=0 , 3 2 ) (t=0.11)
R 2 = 0.78 DW a O . 9 6
^  e2 = O.OO3 6 3 n = 15
Correlation determinant = 0.44
Efficiency of coal relative to oil = 0.92 
Efficiency of gas relative to oil = 7*15
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4 . 3 2  I R O N  A N D  S T E E L
4.322 Extended efficiency/deniand function
4.3221 Convergence sequence
Iteration Efficiency of coal Efficiency of gas 
relative to oil relative to oil
1 0.79 4.05
2 0 . 8 5  5 . 6 9
3 0 . 7 8  4.67
4 0 . 8 2  5 . 3 3
5 0 . 8Q 4.9;4
1 3 0.80 5 * 0 9
-  1 20  -
logF = 2.426 + 0.647log0 + 0.094SC - 0 .7 0 6SG 
(t=2.43) (t =0.4 5) (t = 1.21)
- 0 .0 9 2 1 ogP - 0 .0 7 7 1 ogT 
(t=0 •3 2 ) (t=0 .2 5 )
h .3222 Equation at convorgoncQ
R 2 = 0 . 7 8  DV = 0 . 9 6
. 2£  e = 0.00357 n = 15
Efficiency of coal relative to oil = 0.80 
Efficiency of gas relative to oil = 5*09
4.3223 Correlations between independent variables 
Variable logO SC SG logP logT
logO 1.00 -0.16 -0.25 -0.60 0.26
SC 1.00 “0.73 0.68 -0 . 1 7
SG 1.00 -0.12 0.20
logP 1.00 -0.17
logT 1.00
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4.3224 Correlations between independent variables 
and absolute residuals
Variable Correlation with ^ F-statistic
absolute residuals (R )
logO 0.05 0.75
SC 0,21 3.39
SG 0.30 5.46
logP 0.01 0.14
logT 0.25 L .38
4.323 Demand function incorporating exogenous 
efficiency estimates
logF = 2.183 + 0.934logO + 0.0321ogP
(t=3 .6 3 ) (t=0 » 20)
- 0 .2 7 2 1 ogT
(t=0 .8 5 )
R 2 = 0 . 6 2  DW = O . 8 7
. 2^e = 0.00542 n = 15
Correlation determinant = 0.62
-  1 2 2  -
4.3^4 Dynamic market share models incorporating 
endogenous efficiency estimates
logSTO = -0.086 - 0.0271ogP0C - 0.0631ogP0G
(t=0 , 3 6 ) (t=»2.35)
+ 0.8591ogST0L
(t= 18.91)
R 2 = 0.97 DW ® 1.93 *
£  e2 = 0 . 0 0 3 6 1 n = 15
Correlation determinant = 0.34
Long run oil/coal price elasticity = -0.19
Long run oil/gas price elasticity = -0.45
logSTC = -0.094 + 0.0051ogPC0 - 0.078logPCG
( t = 0 .08 )  ( t = 1 . 4 l )
+ 0.791logSTCL 
(t=5.42)
R 2 = 0.95 DW = 1.57
^  e2 = 0.00471 n = 15
Correlation determinant = 0.14
Long run coal/oil price elasticity = 0.02
Long run coal/gas price elasticity = -0.37
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logSTG = -0.570 - 0•0601ogPG0 - 0.704logPGC
(t=1 .0 6 ) . (t=7 .3 7 )
- 0.0071ogSTGL
(t=o.0 7 )
R 2 s O . 9 9 DW = 1,81
^ e 2 = 0.00333 n » 15
Correlation determinant = 0.01
Long run gas/oil price elasticity = -0.06
Long run gas/coal price elasticity = -0.70
4,325 Dynamic market sliare models incorporating 
exogenous efficiency estimates
logSTO a -0.053 - 0.0391ogP0C - 0.026logP0G
(t=0 .5 0 ) (t=o.8 7 )
+ 0.8691ogST0L
(t=1 7 .8 9 )
R 2 = 0.98 DW = 2.00
^  e2 = 0.00377 n = 15
Correlation determinant; = 0.27
Long run oil/coal price elasticity = -0.30
Dong run oil/gas price elasticity = -0.20
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l o g S T C  =
L o n g  r u n  
L o n g  r u n
l o g S T G r  =
L o n g  r u n  
L o n g  r u n
- 0 . 0 2 7  ~ 0 . 0 1 9 l o g P C 0  -  0 • 0 0 1 l o g P C G
( t = 0 . 4 8 ) ( t = o . 0 3 )
+ 0 . 9 2 6 l o g S T C L
( t = i o . 7 0 )
R 2 = 0 . 9 7  D W  = 1 . 9 6
;  e 2 = 0 . 0 0 1 7 3  n  = 1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 2 5
c o a l / o i l  p r i c e  e l a s t i c i t y  = - 0 . 2 6  
c o a l / g a s  p r i c e  e l a s t i c i t y  = - 0 * 0 1
-  1 . 0 9 4  -  0 . 0 8 9 1 o g P G 0  -  0 . 7 6 9 1 o g P G C  
( t = * 0 . 7 l )  ( t = 7 . 0 0 )
+ 0 . 0 k  2 1 o g S T G L  
( t = 0 . 4 4 )
R 2  = 0 . 9 9  D W  *= 2 . 0 4
^ “e 2  = 0 . 0 0 4 6 6  n  = 1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 0 1
g a s / o i l  p r i c e -  e l a s t i c i t y  =  - 0 . 0 9  
g a s / c o a l  p r i c e  e l a s t i c i t y  =  - 0 . 8 0
The b a s i c  e f f i c i e n c y / d e m a n d  f u n c t i o n  ( e q u a t i o n  
4*321) e s t i m a t e s  a  h i g h l y  s i g n i f i c a n t  o u t p u t  e l a s t i c i t y  
o f  0 .67  b u t  t h e  r e l a t i v e  e f f i c i e n c y  e s t i m a t e s  a r e  r a t h e r  
l e s s  s a t i s f a c t o r y .  Both  have  v e ry  low t - s t a t i s t i c s  and 
t h e  e f f i c i e n c y  of  gas r e l a t i v e  t o  c o a l  i s  s e v e r a l  t im e s  
h i g h e r  t h a n  i t  shou ld  be .
In  1974 t h e r e  was a c o n s i d e r a b l e  d e c l i n e  i n  
r e c o r d e d  f u e l  consum ption  i n  t h e  i r o n  and s t e e l  i n d u s t r y  
r e s u l t i n g  from  d i s r u p t e d  c o a l  d e l i v e r i e s  caused  by t h e  
m i n e r s ’ s t r i k e ,  b u t  t h e  l e v e l  o f  o u t p u t  p roduced  by t h e
i n d u s t r y  was m a in t a in e d  by u s i n g  e x i s t i n g  s t o c k s  o f  f u e l
The p u b l i s h e d  consum ption  f i g u r e s ,  however, r e f e r  to 
d e l i v e r i e s  i n t o  consum ption  and n o t  t h e  q u a n t i t i e s  o f  
f u e l s  a c t u a l l y  u s e d .  C o n se q u e n t ly ,  f u e l  consum ption  
i n  1974 was u n d e r s t a t e d  and t h e  e n e r g y / o u t p u t  r a t i o  
s u g g e s t s  a  l a r g e ,  bu t  e r r o n e o u s ,  i n c r e a s e  i n  t h e
e f f i c i e n c y  o f  f u e l  u s e .  D uring  1974 t h e  p r o p o r t i o n
o f  p o t e n t i a l  h e a t  s u p p l i e d  by gas  i n c r e a s e d  and th e  
a p p a r e n t  inc re a .s e  i n  t h e  e f f i c i e n c y  o f  f u e l  u se  ha s  
been a t t r i b u t e d  t o  g a s .  T h is  s e r v e s  to emphasize  
t h a t  t h e  e s t i m a t e s  o f  r e l a t i v e  e f f i c i e n c y  produced 
by t h e  e f f i c i e n c y / d e m a n d  f u n c t i o n ,  l i k e  th e  e s t i m a t e s  
produced by any o t h e r  model, can o n ly  be a s  good a s  
t h e  d a t a  used  t o  e s t i m a t e  t h e  model.  The d i s c r e p a n c y  
between d e l i v e r i e s  i n t o  -consumption and a c t u a l  f u e l  
consum ption  i n  t h e  i r o n  and s t e e l  i n d u s t r y  a p p e a r s  t o
4*326 In te r p r e ta t io n  o f  r e s u l t s .
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be s i g n i f i c a n t .  The e s t i m a t e s  p roduced  by t h e  d a ta  
w i l l  t h e r e f o r e  t e n d  to  be u n r e l i a b l e .
M u l t i c o l l i n e a r i t y  does n o t  a p p e a r  t o  be a  p roblem 
i n  t h e  b a s i c  e f f i c i e n c y / d e m a n d  f u n c t i o n .  The t e n d e n c y  
to w ard s  p o s i t i v e  a u t o c o r r e l a t i o n  a t  the  5$ l e v e l  i s  n o t  
s i g n i f i c a n t .
In  th e  ex ten ded  e f f i c i e n c y / d e m a n d  f u n c t i o n  
( e q u a t i o n  4*3222) t h e  o u t p u t  e l a s t i c i t y  d rops  t o  0 .6 5  
and rem a in s  s i g n i f i c a n t  a t  t h e  5$ l e v e l .  The d i s t o r t i o n  
i n  t h e  e s t i m a t e  o f  t h e  e f f i c i e n c y  o f  gas r e l a t i v e  to  o i l  
a p p e a r s  a g a i n  b u t  i s  l e s s  s e v e r e .  The e f f i c i e n c y  of  
c o a l  r e l a t i v e  to  o i l  h a s  a p l a u s i b l e  v a lu e  o f  0 .8 0  b u t  
t h e  t - s t a t i s t i c  i s  s t i l l  r a t h e r  low. A l though  t h e  p r i c e  
and t e m p e r a t u r e  e l a s t i c i t i e s  have t h e  c o r r e c t  s i g n s  t h e y  
a l s o  have v e r y  low t - s t a t i s t i e s  i n d i c a t i n g  t h a t  t h e y  have 
n o t  been  r e l i a b l y  e s t i m a t e d .  The a d d i t i o n  o f  p r i c e  and 
t e m p e r a t u r e  v a r i a b l e s  o n ly  m a r g i n a l l y  d e c r e a s e s  t h e  sum 
o f  squared  r e s i d u a l s .
The t e s t  f o r  p o s i t i v e  a u t o c o r r e l a t i o n  a t  t h e  5$ 
l e v e l  i s  n o t  c o n c l u s i v e  and t h e  deg ree  o f  m u l t i c o l l i n e a r i t y  
i s  n o t  s t r o n g .  H e t e r o s c e d a s t i c i t y  i s ,  however,  p r e s e n t .
The low l e v e l  o f  s i g n i f i c a n c e  o f  t h e  r e l a t i v e  e f f i c i e n c y  
e s t i m a t e s  may t h e r e f o r e  be p a r t l y  due t o  h e t e r o s c e d a s t i c i t y .
The demand f u n c t i o n  i n c o r p o r a t i n g  exogenous 
e s t i m a t e s  o f  e f f i c i e n c y  ( e q u a t i o n  4 .323)  a l s o  g i v e s  
u n s a t i s f a c t o r y  r e s u l t s  f o r  p r i c e  and t e m p e r a t u r e  
e l a s t i c i t i e s .  The o u tp u t  e l a s t i c i t y  o f  0 .9 3  i s ,  however ,
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Table 10 Iro n  and s te e l:  Sums o f squared re s id u a ls
o f  dvnamic m ark e t  sh a re  models
i n c o r p o r a t i n g  endogenous and exogenous
e f f i c i e n c v  e s t i m a t e s .
Heat Sum o f  squared r e s i d u a l s
so u rc e E f f i c i e n c y  e s t i m a t e s
endogenous exogenous
O i l 0 .00361 0.00377
Coal 0 .00471 0 .00173
Gas 0.00333 0.00466
T o ta l 0 .01165 0.01016
h i g h l y  s i g n i f i c a n t .  M u l t i c o l l i n e a r i t y  i s  n o t  a  problem 
and th e  t e s t  f o r  p o s i t i v e  a u t o c o r r e l a t i o n  a t  t h e  5$ l e v e l  
i s  i n c o n c l u s i v e .
I t  i s  w o r th  n o t i n g  t h a t  t h e  sum o f  sq u a red  
r e s i d u a l s  i s  much g r e a t e r  i n  t h e  demand f u n c t i o n  
i n c o r p o r a t i n g  exogenous e f f i c i e n c y  e s t i m a t e s  t h a n  i n  
t h e  b a s i c  e f f i c i e n c y / d e m a n d  f u n c t i o n .  T h is  i n d i c a t e s  
t h e  weakness o f  t h e  p r i c e  and t e m p e r a t u r e  e f f e c t s .  I n  
an energy  i n t e n s i v e  i n d u s t r y  l i k e  i r o n  and s t e e l  a 
s i g n i f i c a n t  p r i c e  e l a s t i c i t y  would n o r m a l ly  be e x p e c te d .
I n  T ab le  10 t h e  sums o f  sq u a re d  r e s i d u a l s  of  
t h e  m arke t  sh a re  f u n c t i o n s  a r e  summarized.  The sum
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of  squa red  r e s i d u a l s  u s i n g  endogenous e f f i c i e n c y  
e s t i m a t e s  i s  h i g h e r  t h a n  f o r  exogenous e f f i c i e n c y  
e s t i m a t e s .  The exogenous e f f i c i e n c y  e s t i m a t e s  a r e  
t h e r e f o r e  more s a t i s f a c t o r y  i n  t h i s  c a s e .
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4.33 ENGINEERING AND OTHER METAL,TRADES
4.331 Basic efficiency/demand function
logF = 0.859 + 1,283log0 + 0.280SC + 0;061SG
(t=5 .5 1 ) (t=2 .7 0 ) (1 =0 .9 1 )
RZ « 0.95 DW = 2.17
\
£  e2 = 0 . 0 0 1 2 1  n = 15
Correlation determinant = 0.03
Efficiency of coal relative to oil = 0.52 
Efficiency of gas relative to oil = 0,87
4.332 Extended efficiency/demand function 
4.3321 Convergence sequence
Iteration Efficiency of coal Efficiency of gas 
relative to oil relative to oil
1
?
0.47
0 . 4 7
0 • 86 
0 . 8 6
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logF = 0.9*12 + 1 .3971ogO + 0.327SC + O.O6 5SG
•(t=7 .0 6 ) (t=3 .1 6 ) (t=1 .l6 )
- 0.011logP - 0.344logT 
(t=o.6 3 ) (t=2 .6 9 )
4.3322 .Equation at convergence
R2 = 0.97 DW = 2.39
£ e 2 = 0 , 0 0 0 6 7  n = 1 5
Efficiency of coal relative to oil = 0.47 
Efficiency of gas relative to oil = 0.86
4,3323 Correlations between independent variables
Variable logO SC SG logP logT
logO 1.00 -0.97 0.71 -0.93 0 . 2 9
SC 1.00 -0.68 0.95 -0.24
SG 1.00 -0.63 0.22
. logP 1.00 -0.25
logT 1.00
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4.3324 Correlations between independent variables 
and absolute residuals
Variable Correlation with ? F-statistic
absolute residuals ,(R~)
logO 0.06 0.86
SC 0 . 0 7  1.01
SG 0.03 O . 3 6
logP 0.05 0.73
logT 0.13 2.03
4•333 Demand function incorporating exogenous
efficiency estimates
logF* = 1.622 + 1.104log0 + 0.0531ogP
(t=9.99) (t=0 .71)
- 0.296logT 
(t = 2 •0 2 )
R 2  = 0.97 DW = 2,18
£  e2 = 0.001 I 1 n = 15
Correlation determinant = 0.21
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4,334 Dynamic market share models incorporating 
endogenous efficiency estimates
logSTO a - 0.032 + 0.103logP0C - 0•0801ogP0G
(t=2 * 7 0 ) (t=5 .84)
+ 0.941logSTOL 
(t=20.79)
R 2 = 0.98 DW = 2.14
^  e2 = 0.00084 11 = 15
Correlation determinant = 0.31
Long run oil/coal price elasticity = 1.7^ 
Long run oil/gas price elasticity = -1.35
logSTC = - 0.039 + 0.066logPC0 + 0.0491ogPCG
(t =0.42) ,(t=0.44)
+ 0.978logSTCL 
(t= 8 .1 7 )
R 2 = 0,95 DW = 2.05
£  e2 = 0 . 0 2 5 1 3  n = 1 5
Correlation determinant = 0.19
Long run coal/oil price elasticity = 2.98
Long run coal/gas price elasticity = 2.22
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logSTG = - 0,023 + 0.056logPG0 - 0.238logPGC
*(t = 1 .1 1 ) (t=4.0 6 )
+ 0.8651ogSTGL 
(t=1 0 ,6 l)
R 2 = 0 . 9 8  DW = 2.52
^  e2 = 0.00209 n = 15
Correlation determinant = 0.03
Long run gas/oil price elasticity = 0.41
Long run gas/coal price elasticity = - 1 . 7 6
4.335 Dynamic market share models incorporating 
exogenous efficiency estimates
logSTO = - O.O3 5 + 0.121logPOC - 0.0921ogP0G
(t=2 .5 3 ) (t=5 •2 2 )
+ 0.9471ogST0L
(t=2 0 •8 9 )
R 2 = 0.98 DW = 2. 1 5
^ e 2 = 0.00131 n = 15
Correlation determinant = 0 029
Long r u n  o i l / c o a l  p r i c e  e l a s t i c i t y . = 2:.28
Long r u n  o i l / g a s  p r i c e  e l a s t i c i t y  = - 1 . 7 3
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logSTC =
Long run 
Long run
logSTG =
- 0.042 + 0.0601ogPC0 + 0
( t  = 0  . 4 1  ) ( t :
+ 0 * 971logSTCL 
( t = 7 . 5 4 )
R 2 = 0 . 9 5  
£ e 2 » 0.02284
Correlation determinant
coal/oil price elasticity 
coal/gas price elasticity
- 0.056 + 0.036logPG0 - 0
(t=0 .6 8 ) (t
+ 0,8091ogSTGL 
(t=8.40)
R 2 = 0.99 
£ e 2 a 0 . 0 0 2 0 9
Correlation determinant
0321ogPCG 
0.29)
DW = 2.03 
n a 15
= 0 . 1 7
a 2 . 1 2  
= 1 . 1 2
2231ogPGC
0 .8 6 )
DW a 2.40 
n = 15  
a  0 . 0 2
Long run gas/oil price elasticity a 0.19 
Long run gas/coal price elasticity a - 1 , 1 7
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The b a s i c  e f f i c i e n c y / d e m a n d  f u n c t i o n  ( e q u a t i o n  
4 .3 3 1 )  e s t i m a t e s  a  h i g h l y  s i g n i f i c a n t  o u tp u t  e l a s t i c i t y  
o f  1 . 2 8 ,  i n d i c a t i n g  i n c r e a s i n g  energy  i n t e n s i v e n e s s  a s  
o u t p u t  expands ,  compared w i th  t h e  th e rm a l  energy  
c o e f f i c i e n t  o f  0 . 9 9 .  The e f f i c i e n c y  e s t i m a t e s  o f  0 .5 2  
f o r  c o a l  r e l a t i v e  to  o i l  and 0 .8 7  f o r  gas r e l a t i v e  t o  
o i l  a r e  low er  t h a n  th e  exogenous e s t i m a t e s  o f  r e l a t i v e  
e f f i c i e n c y  bu t  a r e  s t i l l  p l a u s i b l e .  The e f f i c i e n c y  
o f  c o a l  r e l a t i v e  t o  o i l  i s  h i g h l y  s i g n i f i c a n t  b u t  t h e  
e f f i c i e n c y  o f  gas r e l a t i v e  t o  o i l  has  a  f a i r l y  low 
t - r a t i o .
There i s  a  t e n d e n c y  to w ards  n e g a t i v e  a u t o ­
c o r r e l a t i o n  b u t  t h e  Durb in-W atson  t e s t  shows t h e r e  i s  
no ev id e n ce  o f  s i g n i f i c a n t  n e g a t i v e  a u t o c o r r e l a t i o n  a t  
t h e  5$ l e v e l .  The c o r r e l a t i o n  d e t e r m i n a n t  has  a  v e ry
low v a lu e  which s u g g e s t s  s t r o n g  m u l t i c o l l i n e a r i t y  b u t
2 ?R f o r  th e  whole f u n c t i o n  i s  g r e a t e r  t h a n  t h e  r  be tween
any p a i r  o f  i n d e p e n d e n t  v a r i a b l e s  i n d i c a t i n g  t h a t  th e
m u l t i c o l l i n e a r i t y  may n o t  be h a rm fu l .
The r e l a t i v e  e f f i c i e n c y  e s t i m a t e s  i n  t h e  ex tended  
e f f i c i e n c y / d e m a n d  f u n c t i o n  ( e q u a t i o n  4 .3322)  a r e  s l i g h t l y  
low er  t h a n  i n  th e  b a s i c  e f f i c i e n c y / d e m a n d  f u n c t i o n  b u t  
have h i g h e r  t - s t a t i s t i c s . The o u t p u t  e l a s t i c i t y  o f  1 .4 0
i s  even more s i g n i f i c a n t .  A l though  t h e  p r i c e  e l a s t i c i t y -
4«336 In te r p r e ta t io n  o f  r e s u l t s .
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h a s  t h e  c o r r e c t  s i g n  i t  i s  v e r y  sm a l l  and h a s  a  low 
t - s t a t i s t i c .  T h is  r e s u l t  i s  n o t  s u r p r i s i n g  s i n c e  
t h e  e n g i n e e r i n g  and o t h e r  m e ta l  t r a d e s  i n d u s t r y  i s  
n o t  a  v e r y  heavy u s e r  o f  e n e r g y .  The t e m p e r a t u r e  
e l a s t i c i t y  a l s o  has  t h e  c o r r e c t  s i g n  and ,  u n l i k e  
p r i c e ,  i s  s i g n i f i c a n t  a t  t h e  5$ l e v e l .
The t e n d e n c y  to w a rd s  n e g a t i v e  a u t o c o r r e l a t i o n  
i s  s t r o n g e r  t h a n  i n  t h e  b a s i c  e f f i c ie n c y /d e m a n d  
f u n c t i o n  bu t  the  Durb in-W atson  t e s t  i s  i n c o n c l u s i v e  
a t  t h e  5$ l e v e l .  A l though  t h e  i n t e r c o r r e l a t i o n s  
among th e  i n d e p e n d e n t  v a r i a b l e s  a r e  h ig h ,  t h e  m u l t i -  
c o l l i n e a r i t y  i s  n o t  ha rm fu l  a c c o r d i n g  t o  K l e i n ' s  
c r i t e r i o n .  The r e s i d u a l s  do n o t  a p p e a r  t o  be 
h e t e r o s c e d a s t i c .
L ike  t h e  e f f i c i e n c y / d e m a n d  f u n c t i o n s ,  t h e  
demand f u n c t i o n  i n c o r p o r a t i n g  exogenous e f f i c i e n c y  
e s t i m a t e s  ( e q u a t i o n  4 .3 3 3 )  g i v e s  an o u t p u t  e l a s t i c i t y  
o f  g r e a t e r  t h a n  u n i t y  and. a r e a s o n a b l y  s i g n i f i c a n t  
n e g a t i v e  t e m p e r a t u r e  e l a s t i c i t y .  The p r i c e  e l a s t i c i t y  
i s ,  however,  p o s i t i v e ,  bu t  h a s  a  v e r y  low t - s t a t i s t i c .  
There i s  a  s l i g h t  ten d e n cy  tow ards  n e g a t i v e  a u t o ­
c o r r e l a t i o n  bu t  t h i s  i s  n o t  s i g n i f i c a n t  a t  t h e  5$ 
l e v e l .  M u l t i c o l l i n e a r i t y  i 3  p r e s e n t  b u t  i s  n o t  
s e r i o u s .
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of  squ a red  r e s i d u a l s  o f  dynamic m arke t  
s h a r e  models i n c o r p o r a t i n g  endogenous 
and exogenous e f f i c i e n c y  e s t i m a t e s .
Heat  
s o u rc e
O i l  
Coal 
Gas
T o ta l  0 .02806 0 .02624
Table  11 shows t h a t  th e  o v e r a l l  sum o f  squa red  
r e s i d u a l s  o f  t h e  m ark e t  s h a r e  models i s  g r e a t e r  i n  t h e  
c a se  o f  th e  endogenous e f f i c i e n c y  e s t i m a t e s  t h a n  f o r  
exogenous e f f i c i e n c y  e s t i m a t e s .  C o n s e q u e n t ly , a l t h o u g h
th e  endogenous e s t i m a t e s  o f  e f f i c i e n c y  a p p e a r  to  be 
f a i r l y  s a t i s f a c t o r y ,  t h e  exogenous e f f i c i e n c y  e s t i m a t e s  
a r e  more c o n s i s t e n t  w i t h  t h e  m arke t  s h a r e  m ode ls .
Table 11 E n g ine e rin g  and o th e r m e ta l tra d e s ; Suma
Sum o f  squared  r e s i d u a l s  
E f f i c i e n c y  e s t i m a t e s
endogenous
0 .00084
0 .02513
0.00209
exogenous
0 .00131
0 .02284
0.00209
4.341 Basic efficlency/demand function
logF = 0.091 + 1.538logO + 0.239SC + 0.031SC 
(t=3.58) (t = 1.90) (t =0.4 5 )
R2 = 0 . 9 7  DW
^ e 2 = 0 . 0 0 0 6 2  n
Correlation determinant = 0.01
Efficiency of coal relative to oil = 0.58 
Efficiency of gas relative to oil = 0*93
4.3^2 Extended efficiency/demand function
4.3421 Convergence sequence
Iteration Efficiency of coal Efficiency of gas 
relative to oil relative to oil
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4  .  3 4  F O O L )  t D R I N K  A N D  T O B A C C O
= 1 .48 
= 15
1
2
3
0 . 5 6
0.55
0 . 5 5
0 . 9 5
1 . 00
1 . 0 0
4.3422 Equation at convergence
logF = - 0.153 + 1.657logO + 0.258SC + 0.002SG
(t=3 .2 l) (t = 1 .84) (t=0 .0 2 )
+ 0 . 0 3 3 1 o g P  + 0 . 0 5 1 l o g T
(t=0 .2 7 ) (t=0 .4 3 )
r 2 = 0.97
£  e2 S 0 . 0 0 0 5 9
Efficiency of coal relative to oil = 0.55 
Efficiency of gas relative to oil = 1.00
4.3423 Correlations between independent variables 
Variable logO SC SG logP logT
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logO 1 . 0 0  -0 . 9 9 0.62 -0.82 0.24
SC 1 .00 1 O • On ft- 0.79 1 O . w
SG 1 .00 -0.17 0 . 1 3
logP
logT
1 .00 -0.23 
1 .00
DW = 1.45 
n = 15
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4 . 3 4 2 4  C o r r e l a t i o n s  b e t w e e n  i n d e p e n d e n t  v a r i a b l e s  
a n d  a b s o l u t e  r e s i d u a l s
V a r i a b l e  C o r r e l a t i o n  w i t h  ^ F - s t a t i s t i c
a b s o l u t e  r e s i d u a l s  ( R  )
logO 0 . 0 0  0 , 0 1
SC 0 . 0 0  0 .0 5
S G 0 . 1 7  2 . 6 1
logP 0 . 0 3  0 . 4 0
logT 0.03 .0.42
4 . 3 4 3  D e m a n d  f u n c t i o n  i n c o r p o r a t i n g  e x o g e n o u s  
e f f i c i e n c y  e s t i m a t e s
logF a 0.868 + 1.1601og0 + 0.0071ogP
( t = 2 0 . 4 l )  ( t = 0 . 1 6 )
+ 0 . 0 J 2 1 o g T  
( t = o . 2 9 )
R 2 = 0 . 9 9  DW = 1.23
£ e 2 a O .OOO66 n  a 15
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 5 5
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4  , 3*1 b D y n a m i c  m a r k e t  s h a r e  m o d e l s  i n c o r p o r a t i n g  
e n d o g e n o u s  e f f i c i e n c y  e s t i m a t e s
l o g S T O  = -  0 . 0 0 6  + 0 . 0 1 0 l o g P 0 C  -  0 . 0 5 3 1 o g P 0 G
( t = 0 . 2 8 )  ( t = 3 . 5 6 )
+ 0 . 9 6 5 1 o g S T 0 L  
( t = 3 6 . 0 9 )
R 2  = 0 . 9 9 5  D W  = 1 . 7 9
f t e 2  = 0 . 0 0 0 7 4  n  as 1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 0 2 0
L o n g  r u n  o i l / c o a l  p r i c e  e l a s t i c i t y  =* 0 . 2 9
L o n g  r u n  o i l / g a s  p r i c e  e l a s t i c i t y  = - 1 . 5 * 1
l o g S T G  = 0 . 0 0 1  -  0 . 1 5 8 l o g P C 0  -  0 . 0 2 0 1 o g P C G
( t = 2 , 9 8 ) ( t = 0 . 4 9 )
+ I . 1 0 6 l o g S T G L  
( t = 2 1 . 7 5 )
R 2 = O . 9 9 6  D W  = 2 . 0 4
f t  e 2  = 0 . 0 0 2 5 0  n  ss 1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 1 0 -
L o n g  r u n  c o a l / o i l  p r i c e  e l a s t i c i t y  = 1 . 4 9
L o n g  r u n  c o a l / g a s  p r i c e  e l a s t i c i t y  = 0 , 1 9
( t = 0 . 7 4 ) ( t = 2 . 7 5 )
+ 1 . 0 0 8 l o g S T G L
( t = 1 1 . 4 3 )
R 2 = 0  . 96  D W  =  1 . 9 7
^ e 2 = 0 . 0 1 3 7 8  n  =  1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 0 5
L o n g  r u n  g a s / o i l  p r i c e  e l a s t i c i t y  = - 1 1 , 2 9  
L o n g  r u n  g a s / c o a l  p r i c e  e l a s t i c i t y  = 5 1 . 8 8
4 , 3 4 5  D y n a m i c  m a r k e t  s h a r e  m o d e l s  i n c o r p o r a t i n g  
e x o g e n o u s  e f f i c i e n c y  e s t i m a t e s
l o g S T O  = -  0 . 0 0 2  + 0 . 0 0 4 l o g P 0 C  -  0 . 0 5 3 1 o g P 0 G
( t = 0 . 1 l )  ( t = 3 . 1 7 )
+ 0 . 9 7 2 1 o g S T 0 L  
( t = 3 7 . 3 0 )
R 2 = 0 . 9 9 6  DW  = 1 . 8 7
e 2 = 0 . 0 0 0 9 0  n  s  1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 1 8
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l o g S T G  = 0 .1  40 + 0 . 0 9 1 lo g P G O  - 0 • 4 1 8 lo g P G C
L o n g  r u n  o i l / c o a l  p r i c e  e l a s t i c i t y  = 0 . 1 5
L o n g  r u n  o i l / g a s  p r i c e  e l a s t i c i t y  = - 1 . 8 9
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l o g S T C  a
1
L o n g  r u n  
L o n g  r u n
l o g S T G  =
1
L o n g  r u n  
L o n g  r u n
0 . 0 0 1  -  0  • 1 5 3 1 o g P . C O  -  0  • 0 2 0 1 o g P G 0  
( t = 3 . 0 5 )  ( t a o . 5 0 )
+ 1 , 1 1 7 1 o g S T C L  
( t = 2 0 .48)
R 2 a  0 . 9 9 6  D W  = 2 . 0 0
e 2  =  0 . 0 0 2 1 8  n  =  1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 , 0 9
c o a l / o i l  p r i c e  e l a s t i c i t y  =  1 . 3 1  
c o a l / g a s  p r i c e  e l a s t i c i t y  a  0 . 1 7
0 . 1 3 4  + 0 , 0 9 3 1 o g P G 0  -  0 . 4 2 1 l o g P G C  
( t  = 0 . 7  3 ) ( t = 2 . 7 5 )
+ 0 . 9 9 9 1 o g S T G L
( t a 1 0 .5 9 )
R 2  a  0 . 9 7  D W  a  1 . 9 7
e 2 a  0 . 0 1 4 0 7  n  a  1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 0 4
g a s / o i l  p r i c e  e l a s t i c i t y  a  1 2 3 . 7 4  
g a s / c o a l  p r i c e  e l a s t i c i t y  a  - 5 6 1 . 3 2
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A h i g h l y  s i g n i f i c a n t  o u t p u t  e l a s t i c i t y  o f  1 .5 4  
i s  e s t im a te d  by t h e  b a s i c  e f f i c i e n c y / d e m a n d  f u n c t i o n  
( e q u a t i o n  4 . 3 4 1 ) .  The h i g h  v a lu e  of  t h e  o u t p u t  
e l a s t i c i t y  r e s u l t s  from t h e  g row th  o f  a l c o h o l i c  d r i n k  
p r o d u c t i o n ,  which i s  a  h e a v i e r  energy  u s e r  t h a n  t h e  
o t h e r  i n d u s t r i e s  i n  t h i s  s e c t o r ,  and a l s o  t h e  i n c r e a s i n g  
im p o r tance  o f  p r o c e s s e d  and p re -c o o k ed  f o o d s .  The 
e s t i m a t e d  e f f i c i e n c y  o f  c o a l  r e l a t i v e  t o  o i l  o f  0 .5 8  
i s  p l a u s i b l e  and f a i r l y  s i g n i f i c a n t .  The e s t i m a t e d  
e f f i c i e n c y  o f  gas  r e l a t i v e  t o  o i l  o f  0 . 9 3  i s .  a l s o  
p l a u s i b l e  b u t  has  r a t h e r  a  low t - r a t i o .
The Durbin-W atson s t a t i s t i c  i n d i c a t e s  a  t e n d e n cy  
to w ard s  p o s i t i v e  a u t o c o r r e l a t i o n  b u t  t h e  Durbin-W atson 
t e s t  does  n o t  i n d i c a t e  t h a t  t h i s  i s  s i g n i f i c a n t  a t  t h e  
5$ l e v e l .  There i s ,  however ,  s t r o n g  m u l t i c o l l i n e a r i t y
i n  t h e  f u n c t i o n ;  t h e  c o r r e l a t i o n  d e t e r m i n a n t  i s  0 . 0 1 .
. p
Although th e  o v e r a l l  K f o r  t h e  f u n c t i o n  i s  q u i t e  h i g h ,  
t h e  c o r r e l a t i o n  between t h e  p r o p o r t i o n  o f  p o t e n t i a l  h e a t  
s u p p l i e d  by c o a l  and o u t p u t  i s  s t r o n g e r .  The m u l t i ­
c o l l i n e a r i t y  may t h e r e f o r e  be h a rm fu l .
In  t h e  ex tended  e f f i c i e n c y / d e m a n d  f u n c t i o n  
( e q u a t i o n  4 . 3 4 2 2 ) t h e  o u t p u t  e l a s t i c i t y  r em a in s  s i g n i f i c a n t  
b u t  has  a  s l i g h t l y  h i g h e r  v a lu e  o f  1 . 6 6 .  The e f f i c i e n c y  
o f  c o a l  r e l a t i v e  t o  o i l  i s  e s t i m a t e d  a s  0.55-, which i s
4*346 I n t e r p r e t a t i o n  o f  r e s u l t s .
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p l a u s i b l e ,  and i s  s i g n i f i c a n t  a t  th e  10$ l e v e l .  The
e f f i c i e n c y  of gas  r e l a t i v e  to  o i l  i s  e s t i m a t e d  a s  1 .0 0 ,  
t h e  same v a lu e  a s  t h e  exogenous e s t i m a t e ,  and h a s  a  
v e r y  low t - s t a t i s t i c  c o n f i r m in g  t h a t  t h e r e  i s  p r o b a b ly  
no d i f f e r e n c e  i n  t h e  e f f i c i e n c y  o f  o i l  and gas  u se  i n  
t h i s  s e c t o r .
The p r i c e  and t e m p e r a t u r e  e l a s t i c i t i e s  have t h e  
wrong s i g n  and low t - s t a t i s t i e s . S in c e ,  i n  a g g r e g a t e ,
t h e  fo o d ,  d r i n k  and to b a c c o  i n d u s t r y  i s  n o t  an  i n t e n s i v e  
u s e r  o f  e n e rg y ,  t h e  i n s i g n i f i c a n t  p r i c e  e l a s t i c i t y  i s  
n o t  u n e x p e c te d .  The sum o f  s q u a re d  r e s i d u a l s  d e c r e a s e s  
o n ly  v e ry  s l i g h t l y  w i t h  t h e  a d d i t i o n  o f  p r i c e  and 
t e m p e r a t u r e  v a r i a b l e s .
The t e s t  f o r  p o s i t i v e  a u t o c o r r e l a t i o n  a t  t h e  5$ 
l e v e l  i s  n o t  c o n c l u s i v e .  S ince  t h e  a d d i t i o n  o f  p r i c e  
and t e m p e r a t u r e  v a r i a b l e s  d id  n o t  a p p r e c i a b l y  i n c r e a s e
pR , m u l t i c o l l i n e a r i t y ,  a c c o r d i n g  t o  K l e i n ' s  c r i t e r i o n ,  
may s t i l l  be h a r m f u l .  H e t e r o s c e d a s t i c i t y  does n o t  
a p p e a r  to  be a  p rob lem .
The demand f u n c t i o n ,  i n c o r p o r a t i n g  exogenous 
e s t i m a t e s  o f  e f f i c i e n c y  ( e q u a t i o n  4*343) ,  l i k e  t h e  
e f f i c i e n c y / d e m a n d  f u n c t i o n s ,  g i v e s  a h i g h l y  s i g n i f i c a n t  
o u t p u t  e l a s t i c i t y  o f  g r e a t e r  t h a n  u n i t y .  The p r i c e  
and t e m p e r a t u r e  e l a s t i c i t i e s  a l s o  have th e  wrong s i g n s  
and v e ry  low t - s t a t i s t i c s .
-  146 -
T ab le  12 Food,  d r i n k  and tobaccos  Sums o f  sq u a red  
r e s i d u a l s  o f  dynamic m arket  sh a re  models 
i n c o r p o r a t i n g  endogenous and exogenous 
e f f i c i e n c y  e s t i m a t e s .
Heat  Sum o f  squared  r e s i d u a l s
s o u r c e  E f f i c i e n c y  e s t i m a t e s
endogenous exogenous
O i l  0 .00074  0 .00090
Coal 0 .00250  0 .00218
Gas 0 .01378  0 .01407
T o ta l  0 .01702  0 .01715
The t e s t  f o r  p o s i t i v e  a u t o c o r r e l a t i o n  a t  t h e  
5$ l e v e l  i s  i n c o n c l u s i v e .  M u l t i c o l l i n e a r i t y  does n o t  
a p p e a r  t o  cau se  any d i f f i c u l t i e s .
The sums o f  t h e  s q u a re d  r e s i d u a l s  o f  t h e  m arke t  
sh a r e  f u n c t i o n s  a re  summarised i n  T ab le  12 .  D e s p i t e  
t h e  v e r y  s t r o n g  d e g re e  o f  p o s s i b l y  ha rm fu l  m u l t i ­
c o l l i n e a r i t y  i n  t h e  e x ten d ed  e f f i c i e n c y / d e m a n d  f u n c t i o n ,  
t h e  endogenous e s t i m a t e s  o f  e f f i c i e n c y  g ive  a  low er  sum 
o f  sq u a red  r e s i d u a l s  t h a n  t h e  exogenous e s t i m a t e s  of  
e f f i c i e n c y .  The exogenous e s t i m a t e  o f  th e  e f f i c i e n c y  
o f  c o a l  r e l a t i v e  t o  o i l  i s  t h e r e f o r e  p r o b a b ly  to o  h i g h  
s i n c e  b o th  endogenous and exogenous e f f i c i e n c y  e s t i m a t e s  
o f  gas  r e l a t i v e  to  o i l  a r e  th e  same.
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4 . 3 5  C H E M I C A L S  A N D  A L L I E D  T R A D E S  •
4 . 3 5 1  B a s i c  e f f i c i e n c y / d e m a n d  f u n c t i o n
l o g F  = 2 . 9 0 5  + 0 . 2 0 7 1 o g 0  + 0 . 1 1 8 S C  + 0 . 4 3 8 S G
( t = 1 . 2 6 ) ( t = 0 . 9 6 ) ( t = 4 . 3 9 )
R 2 = 0 . 9 7  DW = 2 . 1 5
£  e2 = 0 . 0 0 2 0 7  n = 1 5
Correlation determinant = 0 . 0 1
Efficiency of coal relative to oil = 0 . 6 6  
Efficiency of gas relative to oil = 0 , 3 6
4 . 3 5 2  Extended efficiency/demand function 
4 . 3 5 2 1  Convergence sequence
Iteration Efficiency of coal Efficiency of gas 
relative to oil relative to oil
1 O . 6 5  0 . 3 1
2 0 .7 5  0 .2 8
3  0 . 8 0  0 . 2 9
4  0 . 8 0  0 . 2 9
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logF =5 2.567 + 0,1021og0 + O.O9 6 SC + 0.534SG 
(t=0 .6 3 ) (t=0 .84) (t=4 .7 6 )
- 0.191logP + 0.2771ogT 
(t=1 .k7 ) (t=1 .48)
4*3522  E q u a t i o n  a t  c o n v e r g e n c e
R  = 0 . 9 8  
$  e 2 = 0 . 0 0 1 4 5
D W  = 2 . 4 6  
n  = 1 5
E f f i c i e n c y  o f  c o a l  r e l a t i v e  t o  o i l  =  0 , 8 0  
E f f i c i e n c y  o f  g a s  r e l a t i v e  t o  o i l  =  0 . 2 9
4 . 3 5 2 3  C o r r e l a t i o n s  b e t w e e n  i n d e p e n d e n t  v a r i a b l e s
Variable logO SC SG logP logT
logO 1 . 0 0 - 0 . 9 5 0 . 8 1 0 . 5 8 0 . 2 7
SC 1 . 0 0 - 0 . 9 4 - 0 . 7 7 - 0 . 2 4
SG 1 . 0 0 0 . 9 1 0 . 2 1
logP 1 . 0 0 0 . 1 9
logT 1 . 0 0
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4 * 3 5 2 4  C o r r e l a t i o n s  b e t w e e n  I n d e p e n d e n t  v a r i a b l e s  
a n d  a b s o l u t e  r e s i d u a l s
V a r i a b l e  C o r r e l a t i o n  w i t h  ?  F - s t a t i s t i c
a b s o l u t e  r e s i d u a l s  ( R ~ )
1 . 6 1  
2 .5 6  
2.01 
0 .2 8  
0 . 7 2
4 . 3 5 3  D e m a n d  f u n c t i o n  i n c o r p o r a t i n g  e x o g e n o u s  
e f f i c i e n c y  e s t i m a t e s
l o g F *  = 1 . 8 4 3  + O . f t l B l o g O  + 0 . 3 7 0 1 o g P
( t = 4 . 0 6 )  ( t = 0  * 8 2 )
+ 0 . 1 7 2 1 o g T  
( t =0 .21 )
R 2 = 0 . 7 8  DW = 0 . 5 ^
^  e 2 = 0 . 0 3 4 6 2  n  = 15
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 2 9
l o g O  0 . 1 1
S C  0 . 1 6
S G  0 . 1 3
l o g P  0 . 0 2
l o g T  0 . 0 5
4 . 3 5 4  D y n a m i c  m a r k e t  s h a r e  m o d e l s  i n c o r p o r a t i n g  
e n d o g e n o u s  e f f i c i e n c y  e s t i m a t e s
logSTO = 0.007 - 0.1531ogPOC + 0.034logP0G
( t = i . 4 i )  ( t = o . 7 1 )
+ 0.8971ogST0L
( t = l 7 .4 4 )
R 2 = 0 . 9 8  D W  = 1 . 9 2
e 2 = 0 , 0 0 7 1 3  n  = 1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 1 8
Long run oil/coal price elasticity = -1,49 
Long run oil/gas price elasticity = O . 3 3
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l o g S T C  = -  0 . 3 3 9  -  0 . 3 0 1 l o g P C O  -  0 . 6 0 4 l o g P C G
( t  = 1 . 5 2 )  ( t  =s4 . 61  )
+ 0 . 7 6 0 1 o g S T C L  
( t = 6 . 4 2 )
R 2 = 0 . 9 8  D W  = 1 . 8 2
A
^ e '  = 0 , 0 3 1 2 3  n  = 1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 1 1
L o n g  r u n  c o a l / o i l  p r i c e  e l a s t i c i t y  = - 1 , 2 6
L o n g  r u n  c o a l / g a s  p r i c e  e l a s t i c i t y  = - 2 . 5 2
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l o g S T G  B  r- 0 . 7 3 1  -  0 . 1 1  9 1 o g P G 0  -  2 . 6 0 8 l o g P G C
( t  = 0  * 2 8 )  ( t  = 3 . 1 2 )
+ 0 . 1 1 4 - l o g S T G L  
( t = 0 . 4 l )
R 2  = 0 . 9 8  D W  = 0 . 5 6 '
f t e 2 = 0 . 1 8 1 7 9  n  = 1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 0 0 2
L o n g  r u n  g a s / o i l  p r i c e  e l a s t i c i t y  = - 0 . 1 3
L o n g  r u n  g a s / c o a l  p r i c e  e l a s t i c i t y  = - 2 . 9 4
4 . 3 5 5  D y n a m i c  m a r k e t  s h a r e  m o d e l s  i n c o r p o r a t i n g  
e x o g e n o u s  e f f i c i e n c y  e s t i m a t e s
l o g S T O  = -  0 . 0 4 6  -  0 . 0 2 9 1 o g P 0 C  -  0 . 0 7 4 l o g P 0 G
( t = 0 . 3 0 )  ( t = 2 . 0 7 )
+ 0 . 8 9 5 1 o g S T 0 L  
( t = 1 9 .6 9 )
R 2  = 0 . 9 8  D W  = 2 . 1 6
^  e 2  = 0 . 0 0 5 6 4  n  = 1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 2 8
Long r u n  o i l / c o a l  p r i c e  e l a s t i c i t y  = - 0 . 2 7
Long r u n  o i l / g a s  p r i c e  e l a s t i c i t y  = - 0 , 7 0
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logSTC =
Long run 
Long run
logSTG =
L o n g  r u n  
L o n g  r u n
-  0 . 4 3 9  -  0 . 2 6 6 l o g P C 0  -  0 .
( t  = 1 . 2 8 ) ( t =
+ 0 . 7 2 3 1 o g S T C L  
( t = 7 . 2 0 )
R 2 =  0 , 9 9  
£  e 2 = 0 . 0 3 5 2 6
C o r r e l a t i o n  d e t e r m i n a n t
c o a l / o i l  p r i c e  e l a s t i c i t y  
c o a l / g a s  p r i c e  e l a s t i c i t y
-  0 . 3 8 8  -  0 . 0 4 2 1 o g P G 0  -  2  4
( t = 0 . 1 0 ) ( t =
+ 0 . 1 0 4 l o g S ! G L
( t = o , 2 9 )
R 2 = 0 . 9 7  
£  e 2  = 0 . 1 9 5 0 1
C o r r e l a t i o n  d e t e r m i n a n t
g a s / o i l  p r i c e  e l a s t i c i t y  
g a s / c o a l  p r i c e  e l a s t i c i t y
7 8 5 1 o g P G O  
5  +  8 )
D W  =  1 . 7 ^  
n = 15 
= 0.11
= - O . 9 6  
= - 2 , 8 3
4 2 6 l o g P G C
= 2 . 5 3 )
D W  = 0 . 5 2  
11 =  1 5  
= 0 .0 0 2
= - O . O 5 
= - 2 . 7 1
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The b a s i c  e f f i c i e n c y / d e m a n d  f u n c t i o n  ( e q u a t i o n  
4 .3 5 1 )  g i v e s  an  o u t p u t  e l a s t i c i t y  o f  0 . 2 1 ,  compared w i t h  
t h e  th e r m a l  energy  c o e f f i c i e n t  o f  Q;80, t h a t  i s  n o t  
p a r t i c u l a r l y  s i g n i f i c a n t .  The e s t im a t e d  e f f i c i e n c y  o f  
c o a l  r e l a t i v e  t o  o i l  i s  0 . 6 6 ,  which  i s  p l a u s i b l e ,  b u t  
a g a i n  th e  t - s t a t i s t i c  i s  n o t  h i g h .  The e f f i c i e n c y  o f  
ga s  r e l a t i v e  t o  o i l  i s ,  however, h i g h l y  s i g n i f i c a n t  b u t  
h a s  t h e  r a t h e r  u n l i k e l y  v a lu e  o f  0 .3 6 .
In  a d d i t i o n  to  b e in g  used  as  a  source  of  h e a t ,  
ga s  can  a l s o  be u sed  a s  a  f e e d s t o c k .  ■ A f t e r  1969 t h e  
d e c l i n i n g  p r i c e  o f  gas  opened new m ark e ts  f o r  gas as  a  
so u rc e  of  h e a t  and a l s o  a s  a  f e e d s t o c k .  The q u a n t i t y  
o f  gas used  a s  a f e e d s t o c k  t h e r e f o r e  i n c r e a s e d .  
U n f o r t u n a t e l y ,  i t  i s  n o t  p o s s i b l e  to  o b t a i n  s e p a r a t e  
f i g u r e s  f o r  t h e  q u a n t i t y  o f  gas s u p p l i e d  a s  f e e d s t o c k  
and t h e  q u a n t i t y  o f  gas  supp l ied -  a s  f u e l .  C o n se q u e n t ly ,  
th e  consum ption  of  ’f u e l 1 i n p u t  i n c r e a s e d  d i s p r o p o r t i o n a t e l y  
compared w i t h  t h e  o u t p u t ;  t h i s  i s  c l e a r l y  i n d i c a t e d  i n  
Graph 15 and Graph 16 .  Between I960  and 1970 f u e l  
consum ption  i n  t h e  c h e m ic a l s  i n d u s t r y  i n c r e a s e d  o n ly  
s l i g h t l y  w h i le  o u tp u t  i n c r e a s e d  c o n s i d e r a b l y .  A f t e r  1970, 
on th e  o t h e r  hand ,  f u e l  i n p u t ,  i n c l u d i n g  f e e d s t o c k  
consum ption ,  i n c r e a s e d  f a s t e r  t h a n  o u t p u t .  The b a s i c  
e f f i c i e n c y / d e m a n d  f u n c t i o n  seems t o  have e s t i m a t e d  an
4 .3 5 6  I n t e r p r e t a t i o n  o f  r e s u l t s .
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o u t p u t  e l a s t i c i t y  c o n s i s t e n t  w i t h  I960 to  1970 d a t a  and 
a t t r i b u t e d  t h e  f e e d s t o c k  component o f  gas  consum ption  
t o  t h e  c o e f f i c i e n t  d e s c r i b i n g  th e  e f f i c i e n c y  o f  gas 
r e l a t i v e  t o  o i l .
There i s  a  s l i g h t  t e n d e n c y  tow ards  n e g a t i v e  
a u t o c o r r e l a t i o n  i n  t h e  b a s i c  e f f i c i e n c y / d e m a n d  f u n c t i o n  
bu t  t h e  Durb in-W atson  t e s t  r e v e a l s  no e v id e n ce  o f  t h i s  
b e in g  s i g n i f i c a n t  a t  t h e  5$ l e v e l .  The c o r r e l a t i o n  
d e te r m in a n t  i n d i c a t e s  s t r o n g  c o r r e l a t i o n s  be tw een  t h e  
i n d e p e n d e n t  v a r i a b l e s  b u t  t h e  i n d i v i d u a l  c o r r e l a t i o n s  
a r e  l e s s  t h a n  t h a t  f o r  th e  whole f u n c t i o n  so t h e  m u l t i ­
c o l l i n e a r i t y  may n o t  be h a r m f u l .
The ex tended  e f f i c i e n c y / d e m a n d  f u n c t i o n  ( e q u a t i o n  
4 .3522)  e s t i m a t e s  a  low er  and l e s s  s i g n i f i c a n t  o u t p u t  
e l a s t i c i t y  o f  0 . 1 0 .  The e f f i c i e n c y  o f  c o a l  r e l a t i v e  to  
o i l  i s  f a i r l y  p l a u s i b l y  e s t i m a t e d  a s  0 .8 0  b u t  th e  
t - s t a t i s t i c  i s  r a t h e r  low. The e f f i c i e n c y  o f  gas  
r e l a t i v e  to  o i l  h a s  a  low er  and more s i g n i f i c a n t  v a lu e  
o f  0*29 which a g a i n  r e f l e c t s  d i s t o r t i o n s  i n ' t h e  d a t a .
S ince  t h e  c h em ic a l s  and a l l i e d  i n d u s t r i e s  s e c t o r  
i s  a heavy u s e r  o f  en e rgy ,  a r e l a t i v e l y  s i g n i f i c a n t  p r i c e  
e l a s t i c i t y  i s  e x p e c te d .  The p r i c e  e l a s t i c i t y  i s ,  i n  
f a c t ,  e s t im a t e d  as  - 0 .1 9  and i s  s i g n i f i c a n t  a t  th e  20$ 
l e v e l .  The t e m p e r a tu r e  e l a s t i c i t y ,  however, h a s  t h e  
wrong s i g n  b u t  has a  s u r p r i s i n g l y  h i g h  t - s t a t i s t i c .
-  155 -
There i s  a  s t r o n g e r  ten dency  to w a rd s  p o s i t i v e  
a u t o c o r r e l a t i o n  t h a n  i n  t h e  b a s i c  e f f i c i e n c y / d e m a n d  
f u n c t i o n  and t h e  Durb in-W atson  t e s t  a t  t h e  5$ l e v e l  i s  
i n c o n c l u s i v e . As i n  t h e  c a s e  o f  th e  b a s i c  e f f i c i e n c y /  
demand f u n c t i o n  t h e r e  a re  s t r o n g  re3a. t i o n s h i .p s  be tween  
t h e  in d e p e n d e n t  v a r i a b l e s  b u t ,  a c c o r d i n g  t o  K l e i n ' s  
c r i t e r i o n ,  t h i s  may n o t  be h a rm f u l .  There  a p p e a r s  t o  
be a  sm a l l  d e g re e  o f  h e t e r o s c e d a s t i c i t y  i n  t h e  model 
a f f e c t i n g  t h e  v a r i a b l e s  i n c l u d e d  i n  th e  b a s i c  e f f i c i e n c y /  
demand f u n c t i o n .
The demand f u n c t i o n  i n c o r p o r a t i n g  exogenous 
e f f i c i e n c y  e s t i m a t e s  ( e q u a t i o n  4*553) g i v e s  a h i g h l y  
s i g n i f i c a n t  o u t p u t  e l a s t i c i t y  o f  0 .9 5 .  The p r i c e  e l a s t i c i t y ,  
u n l i k e  t h a t  o f  t h e  e f f i c i e n c y / d e m a n d  f u n c t i o n ,  i s  p o s i t i v e  
and i n s i g n i f i c a n t  a s  i s  t h e  t e m p e r a t u r e  e l a s t i c i t y .
Al though  m u l t i c o l l i n e a r i t y  i s  n o t  a  problem, t h e r e  
i s  e x t r e m e ly  s e v e r e  p o s i t i v e  a u t o c o r r e l a t i o n .  T h is  r e s u l t s  
from th e  d i s t o r t i o n s  i n  t h e  d a t a  and c o n s e q u e n t ly  i m p l i e s  
t h a t  th e  e s t i m a t e s  may be n u m e r i c a l l y  i n a c c u r a t e .
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squ a red  r e s i d u a l s  o f  dynamic m arke t  
s h a r e  models i n c o r p o r a t i n g  endogenous 
and exogenous e f f i c i e n c y  e s t i m a t e s .
T a b l e  13 C h em ica l s  and a l l i e d  t r a d e s :  Sums o f
Heat Sum o f  squa red  r e s i d u a l s
so u rc e  E f f i c i e n c y  e s t i m a t e s
endogenous exogenous
O i l  0 .00713 0 .00564
Coal 0 .03123  0 .03526
Gas 0 .18179 0 .19501
T o ta l  0 .22015 0 .23591
The sums, of  squa red  r e s i d u a l s  o f  t h e  m ark e t  
s h a r e  models a r e  g i v e n  i n  T ab le  13° The l o w e s t  sum 
o f  squa red  r e s i d u a l s  i s  g iv e n  by t h e  endogenous 
e f f i c i e n c y  e s t i m a t e s .  I t  a p p e a r s  t h a t  t h e  low l e v e l  
o f  e f f i c i e n c y  a t t r i b u t e d  to  gas  r e l a t i v e  t o  o i l  has  
c o u n t e r a c t e d  th e  o v e r e s t i m a t e  o f  gas  consum ption  i n  
t h e  d a t a .
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4.36 TEXTILES, LEATHER AND CLOTHING
4 . 3 6 1  B a s i c  e f f i c i e n c y / d e m a n d  f u n c t i o n
l o g F  »  3 . 1 4 2  -  O . O O S L l o g O  + 0 . 0 6 7 S C  -  0 . 5 4 2 S G  
( t =0 .0 2 )  ( t = 0 .77 )  ( t = 3 . 2 5 )
R 2 = 0 . 8 0  DW  = 1 , 3 7
^ e 2 = 0 . 0 0 4 5 3  n  = 1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 0 6
E f f i c i e n c y  o f  c o a l  r e l a t i v e  t o  o i l  = 0 . 8 6  
E f f i c i e n c y  o f  g a s  r e l a t i v e  t o  o i l  = 3 * 4 8
4 • 3 6 2  E x t e n d e d  e f f i c i e n c y / d e m a n d  f u n c t i o n  
4 . 3 6 2 1  C o n v e r g e n c e  s e q u e n c e
I t e r a t i o n  E f f i c i e n c y  o f  c o a l  E f f i c i e n c y  o f  g a s  
r e l a t i v e  t o  o i l  r e l a t i v e  t o  o i l
1 0 . 7 9  1 . 6 9
2 0 . 7 5  1 . 7 8
3  0 . 7 4  1 . 7 8
4  0 . 7 3  1 . 7 8
5  0 . 7 3  1 . 7 8
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l o g F  =  3 . 0 9 0  -  Q . 2 4 5 1 o g 0  + 0 . 1 3 8 S C  -  0 . 2 4 9 S G  
( t = 0 . 6 4 )  ( t = 1 .55 )  ( t = 1 . 2 2 )
-  0 . 2 9 0 1 o g P  + 0 . 0 3 7 1 o g T  
( t = 2 . 1 6 ) ( t = 0 . 1 3 )
4.3622 E q u a t i o n  a t  c o n v e r g e n c e
R 2 = 0 . 8 7  D W  = 1 . 0 7
£ e 2 = 0 . 0 0 3 0 0  n  = 1 5
E f f i c i e n c y  o f  c o a l  r e l a t i v e  t o  o i l  = 0 . 7 3  
E f f i c i e n c y  o f  g a s  r e l a t i v e  t o  o i l  =  1 . 7 8
4 . 3 6 2 3  C o r r e l a t i o n s  b e t w e e n  I n d e p e n d e n t  v a r i a b l e s
V a r i a b l e l o g O  S C S G l o g P l o g T
l o g O 1 . 0 0  - 0 . 9 4 O • <2
 
. 
O - 0 . 6 5 0 . 3 2
S C 1 . 0 0 0 . 7 2 0 . 6 5 1 O • ro
S G 1 . 0 0 - 0 . 1 3 0 . 1 4
l o g P
l o g T
1 . 0 0 - 0 . 1 5  
1 . 0 0
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4 . 3 6 2 4  C o r r e l a t i o n s  b e t w e e n  I n d e p e n d e n t  v a r i a b l e s  
a n d  a b s o l u t e  r e s i d u a l s
V a r i a b l e  C o r r e l a t i o n  w i t h  ^ F - s t a t i s t i c
a b s o l u t e  r e s i d u a l s  ( R  )
l o g O  0 . 0 7  1 . 0 1
sc 0.05 0.69
S G  0 . 0 6  0 . 8 5
l o g P  0 . 0 5  O . 6 3
l o g T  0 . 0 1  0 . 1 7
4 . 3 6 3  D e m a n d  f u n c t i o n  i n c o r p o r a t i n g  e x o g e n o u s  
e f f i c i e n c y  e s t i m a t e s
l o g F *  = 3 . 5 6 6  -  0 . 5591ogO -  0 . 3 9 8 l o g P
( t = 3 •86) ( t = 4 . 1 6 )
+ 0 . 1 0 5 l o g T  
(t=0.4o)
R2 = 0 . 6 5  DW - 1 . 2 6
f t e 2 = 0 . 0 0 3 4 5  n  = 15
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 5 7
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4 . 3 6 4 D y n a m i c  m a r k e t  s h a r e  m o d e l s  i n c o r p o r a t i n g  
e n d o g e n o u s  e f f i c i e n c y  e s t i m a t e s
l o g S T O  = • -  0 . 0 4 0  -  0 . 0 l 4 l o g P 0 G  -  0 . 0 5 0 1 o g P 0 C
( t = o • 2 5 ) ( t = 2 . 4 l )
+ 0 . 8 3 4 l o g S T 0 L  
( t = 3 8 . 2 7 )
R 2  = 0 . 9 9  D W  = 2 . 9 3
^ e 2  =  0 . 0 0 1 9 0  n  = 1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 2 8
L o n g  r u n  o i l / c o a l  p r i c e  e l a s t i c i t y  = - 0 . 0 9  
L o n g  r u n  o i l / g a s  p r i c e  e l a s t i c i t y  = - 0 . 3 1
l o g S T G  = -  0 . 1 0 7  -  0 . l 4 9 1 o g P C 0  -  0 . 1 3 1 l o g P C G
( t = 1 . 2 3 ) ( t = 1 . 69)
+ 0 . 9 3 9 1 o g S T G L  
( t = 1 0 . 0 3 )
R 2  = 0 . 9 8  D W  = 2 . 7 1
^  e 2  = 0 . 0 1 3 9 7  n  = 1 5
C o r r e l a t i o n  d e t e r m i n a n t  ==• 0 . 1 8
Long r u n  c o a l / o i l  p r i c e  e l a s t i c i t y  = - 2 . 4 3
Long r u n  c o a l / g a s  p r i c e  e l a s t i c i t y  = - 2 . 1 4
-1 6 1  -
l o g S T G  = -  0 . 2 2 8  -  0 . 0 2 4 l o g P G 0  -  0 . 6 5 6 l o g P G C
( t = 0 . 1 2 ) ( t = 2 . 6 3 )
+ 0 . 6 0 7 1 o g S T G L  
( t = 4 .45)
R 2  = 0 . 9 7  D W  =  2 , 1 9
£ e 2 = 0 . 0 3 8 1 7  n  = 1 5
C o r r e l a t i o n  d e t e r m i n a n t  =  0 . 0 1
L o n g  r u n  g a s / o i l  p r i c e  e l a s t i c i t y  =  - 0 . 0 6  
L o n g  r u n  g a s / c o a l  p r i c e  e l a s t i c i t y  = - 1 . 6 7
4 . 3 6 5  D y n a m i c  m a r k e t  s h a r e  m o d e l s  i n c o r p o r a t i n g  
e x o g e n o u s  e f f i c i e n c y  e s t i m a t e s
l o g S T O  = -  0 . 0 2 6  -  0 . 0 V 7 1 o g P 0 C  -  . 0 . 0 2 1  l o g P O G
( t = 0 ,82 )  ( t = 0 .95 )
+ 0 . 8 3 7 1 o g S T 0 L  
( t = 3 7 • 3 7 )
R 2  =  0 . 9 9  D W  s  3 . 0 4
£ e 2 = 0 .0 0 2 0 0  n = 15
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 2 6
L o n g  r u n  o i l / c o a l  p r i c e  e l a s t i c i t y  = - 0 . 2 9
L o n g  r u n  o i l / g a s  p r i c e  e l a s t i c i t y  = - 1 , 6 7
l o g S T O  =
Long run 
Long run
logSTG =
- 0.089 - 0.l431ogPC0 - 0 
( t = 1 . 31 ) (t:
+ 0.9z*91ogSTCL 
(t=10.83)
R2 = 0 „ 97 
^e 2 = 0 . 0 1 1 6 3
Correlation determinant
coal/oil price elasticity 
coal/gas price elasticity
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- 0.291 - 0.0231ogPG0 - 0 
(t=0 .0 l) (t
+ 0.6201ogSTGL
(t=4.5 6)
R2 =0.97 
^ e 2 = 0 o 04222
Correlation determinant
1 .44)
1O O lo g P C G
DW =2.74 
n ss 15 
= 0.19
= -2.82 
= -1 .96
6821ogPGC 
=2.61 )
DW = 2.20 
n = 15 
= 0.01
Long run gas/oil price elasticity = -0.06 
Long run gas/coal price elasticity = -1.80
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A r a t h e r  i n s i g n i f i c a n t  o u t p u t  e l a s t i c i t y  o f  
- 0 . 0 1 ,  compared w i t h  a  t h e r m a l  energy  c o e f f i c i e n t  o f  
- 0 . 2 2 ,  i s  e s t i m a t e d  by t h e  b a s i c  e f f i c i e n c y / d e m a n d  
f u n c t i o n  ( e q u a t i o n  4*361) .  T h is  r e f l e c t s  t h e  e f f e c t  
o f  p l a n t  r a t i o n a l i z a t i o n  and ,  to  a  c e r t a i n  e x t e n t ,  t h e  
su b s e q u e n t  i n c r e a s e  i n  e f f i c i e n c y  o f  f u e l  u se  due t o  
t e c h n o l o g i c a l  f a c t o r s .  The e f f i c i e n c y  o f  c o a l  r e l a t i v e  
to  o i l  i s  e s t i m a t e d  a s  0 . 8 6 ,  which  i s  o f  th e  r i g h t  o r d e r  
o f  m ag n i tu de ,  bu t  th e  t - r a t i o  i s  r a t h e r  low. The 
e f f i c i e n c y  of  gas  r e l a t i v e  to  o i l  has  t h e  r a t h e r  h ig h  
v a lu e  of  3*48 and i s  h i g h l y  s i g n i f i c a n t .
Gas was n o t  consumed i n  l a r g e  q u a n t i t i e s  U n t i l  
t h e  e a r l y  1 970s .  C o n se q u e n t ly ,  gas  was p ro b a b ly  m a in ly  
consumed by t h e  economic and e f f i c i e n t  f i r m s  t h a t  
s u r v i v e d  r a t i o n a l i z a t i o n .  As a  r e s u l t  t h e  e f f i c i e n c y  
o f  gas  r e l a t i v e  t o  o i l  h a s  been a t t r i b u t e d  a  h i g h e r  v a lu e  
t h a n  would n o r m a l ly  be e x p e c t e d .
There i s  a s l i g h t  t e n d e n c y  to w ards  p o s i t i v e  
a u t o c o r r e l a t i o n  i n  t h e  b a s i c  e f f i c i e n c y / d e m a n d  f u n c t i o n  
bu t  t h e  Durb in-W atson  t e s t  a t  t h e  5$ l e v e l  i s  i n c o n c l u s i v e .  
There  i s  f a i r l y  s t r o n g  m u l t i c o l l i n e a r i t y  and t h i s  may be 
h a rm fu l  s i n c e  th e  r  b e tw ee n  o u t p u t  and t h e  p r o p o r t i o n  of
o
p o t e n t i a l  h e a t  s u p p l i e d  by c o a l  i s  g r e a t e r  t h a n  t h e  R f o r  
t h e  whole f u n c t i o n .
4.366 I n t e r o r e t a t i o h  o f  r e s u l t s .
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The o u tp u t  e l a s t i c i t y  e s t i m a t e d  by th e  ex tended  
e f f i c i e n c y / d e m a n d  f u n c t i o n  ( e q u a t i o n  4 .3622)  i s  - 0 . 2 5  
and a g a i n  t h e  t - r a t i o  i s  low. The e f f i c i e n c y  o f  
c o a l  r e l a t i v e  to  o i l  i s  e s t im a t e d  a s  0 .7 3 ,  which  i s  
v e ry  c l o s e  t o  t h e  exogenous e s t i m a t e ,  and i s  s i g n i f i c a n t  
a t  t h e  20$ l e v e l .  The e f f i c i e n c y  o f  gas r e l a t i v e  t o  
o i l  h a s  th e  more p l a u s i b l e  v a lu e  o f  1 .7 8  b u t  i s  l e s s  
s i g n i f i c a n t  t h a n  i n  t h e  b a s i c  e f f i c i e n c y / d e m a n d  f u n c t i o n .
The d i f f e r e n c e  i n  t h e  v a l u e s  o f  th e  e f f i c i e n c y  o f  gas  
r e l a t i v e  to  o i l  o b t a i n e d  from t h e  e f f i c i e n c y / d e m a n d  
f u n c t i o n s  is. s u r p r i s i n g  s i n c e  t h e  p r o p o r t i o n  o f  p o t e n t i a l  
h e a t  s u p p l i e d  by gas  i s  v e r y  weakly  c o r r e l a t e d  w i t h  t h e  
p r i c e  and t e m p e r a t u r e  v a r i a b l e s .
The p r i c e  e l a s t i c i t y  i s  e s t i m a t e d  a s  - 0 .2 9  and i s  
s i g n i f i c a n t  a t  t h e  5$ l e v e l .  To a c e r t a i n  e x t e n t  t h i s  
i s  u nexp ec ted  s i n c e  t h e  t e x t i l e s ,  l e a t h e r  and c l o t h i n g  
i n d u s t r y  i s  n o t  an i n t e n s i v e  u s e r  o f  e n e rg y .  The 
t e m p e r a t u r e  e l a s t i c i t y  i s  p o s i t i v e  and h a s  a low 
t - s t a t i s t i c .
There  i s  a  s t r o n g e r  t en dency  to w ard s  p o s i t i v e  
a u t o c o r r e l a t i o n  t h a n  i n  t h e  b a s i c  e f f i c i e n c y / d e m a n d  
f u n c t i o n  b u t  t h e  Durb in-W atson  t e s t  i s  i n c o n c l u s i v e  a t  
t h e  5$ l e v e l .  M u l t i c o l l i n e a r i t y  may s t i l l  be h a rm f u l ,  
a c c o r d i n g  t o  K l e i n ’ s c r i t e r i o n ,  b u t  to  a  l e s s e r  e x t e n t  
t h a n  i n  t h e  b a s i c  e f f i c i e n c y / d e m a n d  f u n c t i o n .  There  i s  
no e v id e n c e  t o  s u g g e s t  t h a t  h e t e r o s c e d a s t i c i t y  i s  a p rob lem .
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T a b le  14 T e x t i l e s ,  l e a t h e r  and c l o t h i n g :  Sums o f
sq u a red  r e s i d u a l s  o f  dynamic m arke t  s h a r e  
models  i n c o r p o r a t i n g  endogenous and 
exogenous e f f i c i e n c y  e s t i m a t e s . .
Heat Sum o f  squa red r e s i d u a l s
so u rc e E f f i c i e n c y  e s t i m a t e s
endogenous exogenous
O i l 6 .0 0 19 0 0 .00200
Coal 0 .01397 0 .01163
Gas 0.03817 0.04222
T o ta l 0 .05404 0.05585
The demand f u n c t i o n  i n c o r p o r a t i n g  exogenous 
e s t i m a t e s  of  e f f i c i e n c y  ( e q u a t i o n  4*363) g i v e s  an 
o u t p u t  e l a s t i c i t y  o f  - 0 . 6 6  t h a t  i s  h i g h l y  s i g n i f i c a n t  
b u t  seems r a t h e r  low. The p r i c e  e l a s t i c i t y  i s  - 0 . 4 0  
and i s  more s i g n i f i c a n t  t h a n  i n  th e  e f f i c i e n c y / d e m a n d  
f u n c t i o n .  The t e m p e r a t u r e  e l a s t i c i t y  i s  p o s i t i v e  and 
i n s i g n i f i c a n t .
The t e s t  f o r  p o s i t i v e  a u t o c o r r e l a t i o n  a t  t h e  
5$ l e v e l  i s  i n c o n c l u s i v e  and th e  c o r r e l a t i o n  d e te r m in a n t  
shows t h a t  m u l t i c o l l i n e a r i t y  i s  n o t  s e r i o u s .
The sums o f  squared, r e s i d u a l s  o f  the  m arke t  sh a re  
m o d e ls ,  g iv e n  i n  T ab le  14, show t h a t  t h e  endogenous 
e s t i m a t e s  o f  e f f i c i e n c y  a r e  more c o n s i s t e n t  w i t h  t h e  
models t h a n  t h e  exogenous e s t i m a t e s .  S ince  t h e
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e f f i c i e n c y  o f  c o a l  r e l a t i v e  to  o i l  i s  n e a r l y  t h e  same 
i n  b o t h  s e t s  o f  e s t i m a t e s ,  t h e  exogenous e s t i m a t e  o f  
t h e  e f f i c i e n c y  o f  gas  r e l a t i v e  to  o i l  a p p e a r s  to  be 
to o  low.
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4 . 3 7 1  B a s i c  e f f i c i e n c y / d e m a n d  f u n c t i o n
l o g F  = 2 . 2 2 2  + 0 . 5 0 2 1 o g 0  -  0 . 1 3 2 S C  -  0 . 4 3 4 S G
( t = 4 . 2 8 )  ( t = 2 • 6 9 ) ( t = 7 . 4 9 )
4 . 3 7  PA P E R ,  PR INTIN G  AND STATION ERY
R 2 = 0 . 96 DW  = 1 .79
£  e 2 =  0 . 0 0 0 5 9  n  =  1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 0 3
E f f i c i e n c y  o f  c o a l  r e l a t i v e  t o  o i l  =  1 . 3 6  
E f f i c i e n c y  o f  g a s  r e l a t i v e  t o  o i l  =  2 . 7 2
4 . 3 7 2  E x t e n d e d  e f f i c i e n c y / d e m a n d  f u n c t i o n  
4 . 3 7 2 1  C o n v e r g e n c e  s e q u e n c e
I t e r a t i o n  E f f i c i e n c y  o f  c o a l  E f f i c i e n c y  o f  g a s  
r e l a t i v e  t o  o i l  r e l a t i v e  t o  o i l
1 1 . 3 8  2 . 3 4
2 1 . 4 2  2 . 4 9
3  1 . 4 2  2 . 5 0
4  1 . 4 2  2 . 5 0
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4 . 3 7 2 2 E q u a t i o n  a t  c o n v e r g e n c e
l o g F  = 2 . 2 8 8  + 0 . 4 0 4 l o g 0 -  0 . 1 5 3 S C  -  0 . 3 9 7 S G
( t = 3 . 3 ^ ) ( t = 3 * 2 6 ) ( t = 6 . 9 6 )
-  0 . 0 8 9 1 o g P -  O . O I l l o g T
( t  = 1 . 9 * 0 ( t = 0 . 1 l )
R 2 =  0 . 9 7 D W  =  1 . 9 8
^ e 2 = 0 . 0 0 0 4 1 r i  = 1 5
E f f i c i e n c y  o f  c o a l  r e l a t i v e  t o  o i l  =  1 . 4 2
E f f i c i e n c y  o f  g a s  r e l a t i v e  t o  o i l  = 2 , 5 0
4 . 3 7 2 3 C o r r e l a t i o n s  b e t w e e n  i n d e p e n d e n t  v a r i a b l e s
V a r i a b l e l o g O  S C  S G l o g P  l o g T
l o g O 1 . 0 0  - 0 . 9 3  0 . 7 0 0 . 0 0  0 . 2 5
S C 1 . 0 0  - 0 . 8 6 - 0 . 2 3  - 0 . 2 3
S G 1 . 0 0 0 . 4 7  0 . 1 6
l o g P 1 . 0 0  0 . 0 3
l o g T 1 . 0 0
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4 # 3 7 2 k  C o r r e l a t i o n s  b e t w e e n  i n d e p e n d e n t  v a r i a b l e s  
a n d  a b s o l u t e  r e s i d u a l s
V a r i a b l e  C o r r e l a t i o n  w i t h  p  F - s t a t i s t i c
a b s o l u t e  r e s i d u a l s  ( R ~ )
l o g O  0 . 0 5  0 . 6 7
S C  0 . 0 1  0 . 1 8
S G  0 . 0 0  0 . 0 5
l o g P  , 0 . 1 0  1 . 5 1
l o g T  0 . 0 1  0 . 1 5
4 . 3 7 3  D e m a n d  f u n c t i o n  i n c o r p o r a t i n g  e x o g e n o u s  
e f f i c i e n c y  e s t i m a t e s
l o g F *  = 1 . 3 8 5  + 0 . 6 7 4 l o g 0  -  0 * 2 6 2 1 o g P
( t = 6 . 9 3 )  ( t = 2 . 8 3 )
+ 0 . 0 0 4 l o g T  
( t =0 , 0 2 )
R 2 = 0 . 9 4  DW  = 1 . 7 0
£ e 2 = 0.00212 n  = 15
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 5 0
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4 . 374 D y n a m i c  m a r k e t  s h a r e  m o d e l s  i n c o r p o r a t i n g  
e n d o g e n o u s  e f f i c i e n c y  e s b i m a t e s
l o g S T O  = 0 . 0 4 6  + 0 . 0 5 2 1 o g P 0 C  -  0 . 0 6 7 1 o g P 0 G
( t = 0 . 6 5 )  ( t = 2  * 1 1 )
+ 0 . 9 0 5 1 o g S T 0 L  
( t  = 2 3 •20)
R 2  =  0 . 9 9  D W  =  2 . - 0 4
£  e 2  = 0 . 0 0 3 7 1  n  = 1 5
• C o r r e l a t i o n  d e t e r m i n a n t  = 0 , 2 3
L o n g  r u n  o i l / c o a l  p r i c e  e l a s t i c i t y  = 0 , 5 4  
L o n g  r u n  o i l / g a s  p r i c e  e l a s t i c i t y  = - 0 . 7 1
l o g S T O  = -  0 . 1 9 3  + 0 . 0 2 3 1 o g P C 0  -  0 . 2 9 8 l o g P C G
( t  = 0 . 2 9 ) ( t ,=5.17)
+ 0 . 7 2 1 l o g S T C L  
( t = 7 . 2 7 )
r 2  =  0 . 9 9  DW = 1 . 5 8
£ e 2 =  0 . 0 0 5 5 0  n  = 1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 1 1
L o n g  r u n  c o a l / o i l  p r i c e  e l a s t i c i t y  = 0 . 0 8
L o n g  r u n  c o a l  g a s  p r i c e  e l a s t i c i t y  = - 1 . 0 7
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l o g S T G  = -  0 . 3 3 5  -  0 . 1 0 2 1 o g P G 0  -  1 . 3 3 0 1 o g P G C
( t = 0 * 3 5 )  ( t = 3 . 5 9 )
+ 0 . 3 7 7 1 o g S T G L  
( t = 3  * 2 9 )
R 2 = 0 . 9 8  D W = 2 . 3 3
^ e 2 = 0 . 0 8 2 0 8  n  = 1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 0 2
L o n g  r u n  g a s / o i l  p r i c e  e l a s t i c i t y  = - 0 . 1 6  
L o n g  r u n  g a s / c o a l  p r i c e  e l a s t i c i t y  = - 2 . 1 3
4 . 3 7 5  D y n a m i c  m a r k e t  s l i a r e  m o d e l s  i n c o r p o r a t i n g  
e x o g e n o u s  e f f i c i e n c y  e s t i m a t e s
l o g S T O  = -  0 . 0 2 7  .+ 0 . 0 1 2 1 o g P 0 C  -  0 . 0 2 9 1 o g P 0 G
( t  = 0 . 2 0 ) ( t  = 1 . 1 8 )
+ 0 . 8 8 3 1 o g S T 0 L  
( t = 2 4 . 9 3 )
R 2 = 0 . 9 9  D W  = 1 . 9 9
^  e 2 = 0 . 0 0 2 0 9  n = 15
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 2 2
L o n g  r u n  o i l / c o a l  p r i c e  e l a s t i c i t y  = 0 . 1 0
L o n g  r u n  o i l / g a s  p r i c e  e l a s t i c i t y  = - 0 . 2 4
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l o g S T C  =
Long run 
Long run
logSTC =
Long r u n
Long r u n
- 0.184 - 0•0021ogPC0 - 0 
( t=0 . 02 ) (t:
+ 0.788logSTCL 
(t=8.04)
r 2 = 0 . 9 9
A
£  e  = 0 . 0 0 7 0 0
C o r r e l a t i o n  d e t e r m i n a n t
c o a l / o i l  p r i c e  e l a s t i c i t y  
c o a l / g a s  p r i c e  e l a s t i c i t y
-  0 . 4 1 3  -  0 . 0 8 2 1 o g P G 0  -  1 
( t=0  • 2 7  ) ( t
+ 0 . 4 2 9 1 o g S T G L  
( t = 3 • 8 1 )
R 2 =  0 . 9 7  
^  e 2 = 0 . 0 8 8 7 2
C o r r e l a t i o n  d e t e r m i n a n t
g a s / o i l  p r i c e  e l a s t i c i t y
g a s / c o a l  p r i c e  e l a s t i c i t y
2 4 4 l o g P C G
3 . 7 2 )
D W  =  1 . 4 4
n = 15 
= 0 . 1 2
= -0 .0 1  
= - 1 . 1 5
2 6 9 1 o g P G C
= 3 . 3 3 )
D W  = 2 . 2 6  
11 = 1 5  
= 0 .0 2
= - 0 . 1 4
= - 2.22
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A l l  t h e  v a r i a b l e s  i n  t h e  b a s i c  e f f i c i e n c y / d e m a n d  
f u n c t i o n  ( e q u a t i o n  4 .3 7 1 )  a r e  h i g h l y  s i g n i f i c a n t .  The 
o u tp u t  e l a s t i c i t y  ha s  a  v a lu e  o f  0 .5 0  and i s  lo w e r  t h a n  
t h e  t h e r m a l  en e rg y  c o e f f i c i e n t  o f  0 .8 6 .  The r e l a t i v e  
e f f i c i e n c y  e s t i m a t e s  a r e  h i g h ;  t h e  e f f i c i e n c y  o f  c o a l  
r e l a t i v e  t o  o i l  i s  1 .3 6  and t h e  e f f i c i e n c y  o f  gas
r e l a t i v e  to  o i l  i s  2 .7 2 .
The i n d u s t r i e s  w i t h i n  t h e  p a p e r ,  p r i n t i n g  and 
s t a t i o n e r y  s e c t o r  have v e r y  d i f f e r e n t  consum ption  
c h a r a c t e r i s t i c s  and u s e  d i f f e r e n t  p r o c e s s e s .  P a p e r  and 
board  m a n u fa c tu re  i s  v e ry  h e a v i l y  energy  i n t e n s i v e  w h i l e  
t h e  o t h e r  i n d u s t r i e s  u se  sm a l l  q u a n t i t i e s  o f  f u e l .  The 
e f f i c i e n c y  e s t i m a t e s  may have been a f f e c t e d  by changes  
i n  t h e  r e l a t i v e . im p o r ta n c e  o f  d i f f e r e n t  i n d u s t r i e s  w i t h i n  
t h e  s e c t o r .  P r o d u c t i o n  f i g u r e s  g iv en  i n  th e  Annual 
A b s t r a c t  o f  S t a t i s t i c s  show t h a t  i n  t h e  e a r l y  s i x t i e s ,
when o i l  was s u b s t i t u t i n g  f o r  c o a l ,  t h e r e  was f a s t e r
g row th  i n  p a p e r  and bo a rd  m a n u fa c tu re  t h a n  i n  t h e  p a p e r ,  
p r i n t i n g  and s t a t i o n e r y  s e c t o r  a s  a  whole .  The e s t im a t e d  
e f f i c i e n c y  of c o a l  r e l a t i v e  to  o i l  i s  t h e r e f o r e  h ig h  
b eca u se  a s  more o i l  was used more f u e l  i n p u t  was n e c e s s a r y  
t o  produce  a u n i t  o f  o u t p u t .  There was a l s o  a  d e c l i n e  i n  
p a p e r  and bo a rd  m a n u fa c tu re  r e l a t i v e  t o  s e c t o r  o u t p u t  a s  
gas  s u b s t i t u t e d  f o r  o i l .  C o n s e q u e n t ly  t h e  e s t i m a t e d
4*376 I n t e r p r e t a t i o n  o f  r e s u l t s .
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e f f i c i e n c y  o f  gas  r e l a t i v e  to  o i l  i s  h ig h  b e c a u se  a s  gas  
s u b s t i t u t e d  f o r  o i l  l e s s  f u e l  i n p u t  was n e c e s s a r y  to  
p roduce  a u n i t  o f  o u t p u t .
The a u t o c o r r e l a t i o n  i n  t h e  b a s i c  e f f i c i e n c y / d e m a n d  
f u n c t i o n  i s  p o s i t i v e  bu t  t h e r e  i s  no ev id en ce  t h a t  i t  i s  
s i g n i f i c a n t  a t  t h e  5$ l e v e l .  A l though  t h e  c o r r e l a t i o n  
d e t e r m i n a n t  i n d i c a t e s  s t r o n g  i n t e r c o r r e l a t i o n s  be tween 
in d e p e n d e n t  v a r i a b l e s ,  a c c o r d i n g  t o  K l e i n ’ s c r i t e r i o n  
i t  may n o t  be h a rm f u l .
The o u t p u t  e l a s t i c i t y  o f  0 .4 0  and t h e  r e l a t i v e  
e f f i c i e n c y  c o e f f i c i e n t s  e s t i m a t e d  i n  t h e  ex tended  
e f f i c i e n c y / d e m a n d  f u n c t i o n  ( e q u a t i o n  4*3722) a r e  a l s o  
s i g n i f i c a n t .  The e f f i c i e n c y  o f  c o a l  r e l a t i v e  t o  o i l  
h a s  t h e  s l i g h t l y  h i g h e r  vaLue o f  1 .4 2  b u t  t h e  e f f i c i e n c y  
o f  gas  r e l a t i v e  t o  o i l  d e c r e a s e s  to  2 .5 0 .
The p r i c e  e l a s t i c i t y  o f  - 0 . 0 9  i s  s i g n i f i c a n t  a t  
t h e  10$ l e v e l  b u t  t h e  t e m p e r a t u r e  e l a s t i c i t y ,  w h i l e  
h a v in g  th e  c o r r e c t  s i g n ,  h a s  a  v e r y  low t - s t a t i s t i c .
A l though  t h e  Durb in-W atson  s t a t i s t i c  has  a  v a lu e
v e r y  c l o s e  to  two, t h e  Durb in-W atson  t e s t  i s  n o t  s e n s i t i v e
enough to  d e te r m in e  w h e th e r  t h e  s l i g h t  t e n d e n c y  to w ard s
p o s i t i v e  a u t o c o r r e l a t i o n  a t  the  5$ l e v e l  i s  s i g n i f i c a n t .
The c o r r e l a t i o n s  be tw een  t h e  i n d e p e n d e n t  v a r i a b l e s  a r e
2
s t r o n g  b u t  do n o t  exceed t h e  R f o r  t h e  whole f u n c t i o n .  
S i g n i f i c a n t  h e t e r o s c e d a s t i c i t y  i s  n o t  p r e s e n t .
In  t h e  demand f u n c t i o n  i n c o r p o r a t i n g  exogenous
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T a b le  15 P a p e r ,  p r i n t i n g  and s t a t i o n e r y :  Sums of
s q u a re d  r e s i d u a l s  o f  dynamic m ark e t  s h a r e  
models  i n c o r p o r a t i n g  endogenous and 
exogenous e f f i c i e n c y  e s t i m a t e s .
Hea.t
so u rc e
Sum of squ a red  r e s i d u a l s  
E f f i c i e n c y  e s t i m a t e s  
endogenous exogenous
O i l
Goal
Gas
0 .00571  0 .00209
0 .00550  0 .00 7 00
0 .08208  0 .08872
T o ta l 0 .09129 0 .09781
e f f i c i e n c y  e s t i m a t e s  ( e q u a t i o n  4*373) a  h i g h l y  s i g n i f i c a n t  
o u tp u t  e l a s t i c i t y  o f  0 .6 7  i s  e s t i m a t e d .  The p r i c e  
e l a s t i c i t y  a l s o  has  a  h i g h  t - s t a t i s t i c  and has  t h e  v a l u e  
- 0 . 2 6 .  The t e m p e r a t u r e  e l a s t i c i t y  has  t h e  wrong s ig n  and 
a v e ry  low t - r a t i o .
There i s  a  t e n d e n c y  to w ard s  p o s i t i v e  a u t o ­
c o r r e l a t i o n  and t h e  Durb in-W atson  t e s t  a t  t h e  5$ l e v e l  
i s  i n c o n c l u s i v e .  M u l t i c o l l i n e a r i t y  i s  n o t  s t r o n g .  •
The sums o f  sq u a red  r e s i d u a l s  f o r  t h e  market  
s h a r e  models  a r e  summarized i n  T ab le  15* S u r p r i s i n g l y ,  
t h e  endogenous e f f i c i e n c y  e s t i m a t e s  g iv e  t h e  l o w e s t  sum 
o f  squa red  r e s i d u a l s .  I t  i s  p o s s i b l e  t h a t  t h e  endogenous 
e f f i c i e n c y  e s t i m a t e s  a r e  c o u n t e r a c t i n g  d i f f i c i e n c i e s  i n  
t h e  consum ption  d a t a .
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4 . 3 8  B R I C K S ,  C E M E N T  A N D  O T H E R  B U I L D I N G  M A T E R I A L S
4 , 3 8 1  B a s i c  e f f i c i e n c y / c i e m a n d  f u n c t i o n
l o g F  = 2 , 9 3 7  + O . l 6 3 1 o g 0  + O . 0 3 8 S C  + 0 . 3 4 4 S G  
( t = 0 • 9 2 ) ( t = 0 . 2 8 )  ( t = 3 . 4 6 )
R 2  = 0 , 5 7  DW  = 1 . 6 0
£  e 2 = 0 . 0 0 3 5 3  n  =s 1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 1 1
E f f i c i e n c y  o f  c o a l  r e l a t i v e  t o  o i l  = 0 . 9 2  
E f f i c i e n c y  o f  g a s  r e l a t i v e  t o  o i l  = 2 . 2 1
4 . 3 8 2  E x t e n d e d  e f f i c i e n c y / d e m a n d  f u n c t i o n
4 . 3 8 2 1  C o n v e r g e n c e  s e q u e n c e
I t e r a t i o n  E f f i c i e n c y  o f  c o a l  E f f i c i e n c y  o f  g a s  
r e l a t i v e  t o  o i l  r e l a t i v e  t o  o i l
1 O . 8 3  1 . 3 4
2 0 . 7 7  1 . 4 5
3  0 . 7 4  - I . 4 7
4  0 . 7 2  1 . 4 8
5  0 . 7 1  1 . 4 8
6 0 . 7 1  1 .48
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l o g F  = 2 . 9 1 0  -  0 . 0 5 0 1 o g 0  + 0 . 1 5 2 S C  -  0 . 1 7 0 S G  
( t = 0 , 1 9 ) ( t = 1 . 1 0 ) ( t = 1 . 2 9 )
' -  0 . 4 3 1 l o g P  -  0 . 2 7 0 1 o g T
h . 3 8 2 2  E q u a t i o n  a t  c o n v e r g e n c e
(t = 1 -tt00• (t = 1 .00)
r 2 = 0.73 DW = 1.98
£ e 2 = 0.00221 n = 15
Efficiency of coal relative to oil = 0.71
Efficiency of gas relative to oil = 1 .48
*l .3823 Correlations between independent variables
Variable logO SC SG logP logT
logO 1.00 -0.89 0.68 -0 .7 9 0 . 2 7
SC 1 .00 -0.60 0 . 74 -0.02
SG 1 .00 -0.21 0.1 5
logP 1 . 0 0 -0 . 1 3
logT 1 . 0 0
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4 . 3 8 2 4  C o r r e l a t i o n s  b e t w e e n  i n d e p e n d e n t  v a r i a b l e s  
a n d  a b s o l u t e  r e s i d u a l s
V a r i a b l e  C o r r e l a t i o n  w i t h  2 F - s t a t i s t i c
a b s o l u t e  r e s i d u a l s  ( R  )
l o g O  0 . 0 3  0  o 3 8
S C  0 . 0 0  0 . 0 0
S G  0 . 0 0  0 . 0 5
l o g P  0 . 0 0  0 . 0 2
l o g T  0 . 0 7  0 . 9 7
4 . 3 8 3  D e m a n d  f u n c t i o n  i n c o r p o r a t i n g  e x o g e n o u s  
e f f i c i e n c y  e s t i m a t e s
l o g F *  = 3 . 1 0 3  -  0 . 2 3 2 1 o g 0  -  0 . 5 9 1 l o g P
( t = 2 , 6 7 )  ( t = 4 . 6 7 )
-  0 . 2 0 4 l o g T  
( t = o . 9 5 )
R 2  = 0 . 6 9  D W  = 2 . 2 5
^  e 2 = 0.00236 n  = 15
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 4 8
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4 . 3 8 4 D y n a m i c  m a r k e t  s h a r e  m o d e l s  i n c o r p o r a t i n g  
e n d o g e n o u s  e f f i c i e n c y  e s t i m a t e s
l o g S T O  = -  0 . 2 2 7  + 0 . 2 6 9 1 o g P 0 C  -  0 . 1 9 1 l o g P O G
( t = 2 . 4 8 )  ( t = 5 . 3 6 )
+ 0 . 5 5 0 1 o g S T 0 L  
( t = 1 2 . 9 2 )
R2 = 0 * 9 5  DW = 1 . 9 6
£ e 2 = 0 . 0 0 7 0 9  n  = 1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 4 0
L o n g  r u n  o i l / c o a l  p r i c e  e l a s t i c i t y  = 0 . 6 0  
L o n g  r u n  o i l / g a s  p r i c e  e l a s t i c i t y  = - 0 . 4 2
l o g S T C  = -  0 . 1 2 8  -  0 . 0 1 3 l o g P C 0  -  0 . 0 7 8 l o g P C G
( t = o . 2 3 ) ( t = 2 . 5 5 )
+ 0 . 6 7 9 1 o g S T C L  
( t  = 9 »02)
R 2 =: 0 . 9 5  D W  = 3 . 1 0
£  e 2 = 0 . 0 0 3 4 8  n  = 1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 , 4 2
L o n g  r u n  c o a l / o i l  p r i c e  e l a s t i c i t y  = - 0 , 0 4
L o n g  r u n  c o a l / g a s  p r i c e  e l a s t i c i t y  = - 0 . 2 4
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(t=o.o4 ) (t=2.9i)
+ 0 . 2 3 9 1 o g S T G L  
( t = 1 . 5 9 )
R 2  = 0 . 9 5  DW =  2 . 3 9
f t e 2  =  0 . 8 7 2 0 5  n  =  1 5
C o r r e l a t i o n  d e t e r m i n a n t  =  0 . 0 2
L o n g  r u n  g a s / o i l  p r i c e  e l a s t i c i t y  = - 0 . 0 5  
L o n g  r u n  g a s / c o a l ' p r i c e  e l a s t i c i t y  = - 4 . 6 2
l o g S T G  = -  0 . 6 3 8  - 0 .0 3 9 1 o g P G 0  -  3 . 5 2 8 l o g P G C
4 . 3 8 5  D y n a m i c  m a r k e t  s l i a r e  m o d e l s  i n c o r p o r a t i n g  
e x o g e n o u s  e f f i c i e n c y  e s t i m a t e s
l o g S T O  = -  0 . 2 1 6  + 0 . 2 1 8 l o g P 0 C  -  0 . l 4 9 1 o g P 0 G
( t =2 .20 )  ( t = 4 . 5 2 )
+ 0 . 5 4 5 1 o g S T 0 L  
( t - 1 4 ,0 1 )
R 2  = 0 . 9 5  DW = 2.09
fte2 = 0.00595 n = 15
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 4 0
L o n g  r u n  o i l / c o a l  p r i c e  e l a s t i c i t y  = 0 . 4 8
L o n g  r u n  o i l / g a s  p r i c e  e l a s t i c i t y  = - 0 , 3 2
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logSTC =
Long run 
Long run
logSTG =
- 0.105 - 0.001logPCO - 0.0401ogPCG 
(t=0 •0 2) (t = 1 ,5 0)
+ 0.691logSTCL 
(t=9 .6 2 )
R2 = O . 9 5  DW s 3 . 1 7
■£e2 = 0 . 0 0 2 9 0  n = 1 5
Correlation determinant = 0.42
coal/oil price elasticity = -0 . 0 0 2  
coal/gas price elasticity = -0 . 1 3
- 0.742 - 0.036logPG0 -3.5651ogPGC 
(t=0.04) (t=2 .9 2 )
+ 0.2451ogSTGL
(t=1 .6 5 )
R = 0.97 DW = 2.39
<£e2 = 0 , 8 8 2 1 9  n = 1 5
Correlation determinant = 0.02
Long run gas/oil price elasticity = -0.05 
Long run gas/coal price elasticity = -4.72
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The o u t p u t  e l a s t i c i t y  i n  t h e  b a s i c  e f f i c i e n c y /  
demand f u n c t i o n  ( e q u a t i o n  4*381) has  a  v a lu e  o f  0 . 1 6 ,  
compared w i t h  t h e  thermal-  ene rg y  c o e f f i c i e n t  o f  0 .0 3 ,  
and has  a  t - r a t i o  o f  l e s s  t h a n  one .  The e f f i c i e n c y  o f  
c o a l  r e l a t i v e  t o  o i l  i s  e s t i m a t e d  a s  0 .9 2  b u t  a l s o  ha s  
r a t h e r  a  low t - s t a t i s t i c .  The e f f i c i e n c y  o f  gas  
r e l a t i v e  t o  o i l  i s ,  on t h e  o t h e r  hand, h i g h l y  s i g n i f i c a n t  
and has  a v a l u e  2 .2 1 .
The h ig h  v a lu e  o f  t h e  e f f i c i e n c y  o f  g a s  r e l a t i v e  
t o  o i l  i s  n o t  s u r p r i s i n g  s i n c e  gas  i s  used f o r  d i r e c t  
f i r i n g  i n  t h e  p r o d u c t i o n  o f  b r i c k s  and t h i s  r e q u i r e s  l e s s  
f u e l  i n p u t  t h a n  t h e  i n d i r e c t  methods n e c e s s a r y  when c o a l  
and heavy f u e l  o i l  a r e  u s e d .
There i s  a  ten d e n c y  to w ard s  p o s i t i v e  a u t o ­
c o r r e l a t i o n  b u t  t h e  Durb in-W atson  t e s t  a t  t h e  5$ l e v e l
i s  i n c o n c l u s i v e .  M u l t i c o l l i n e a r i t y  may be a  p rob lem  
2b ecau se  t h e  R f o r  t h e  f u n c t i o n  i n d i c a t e s  a  weaker 
r e l a t i o n s h i p  be tw een  t h e  d ependen t  and in d e p e n d e n t  
v a r i a b l e s  t h a n  e x i s t s  be tw een  t h e  p r o p o r t i o n  o f  p o t e n t i a l  
h e a t  s u p p l i e d  by c o a l  and o u t p u t .
The o u t p u t  e l a s t i c i t y  i n  t h e  e x te n d e d  e f f i c i e n c y /
demand f u n c t i o n  ( e q u a t i o n  4*3822) i s  a l s o  low, h a v in g  a
v a l u e  o f  - 0 . 0 5 ,  and i n s i g n i f i c a n t . The e f f i c i e n c y  o f
c o a l  r e l a t i v e  to  o i l  becomes more s i g n i f i c a n t  and has  a 
v a lu e  o f  0 .7 1  which i s  f a i r l y  c l o s e  to th e  exogenous
4*386 I n t e r p r e t a t i o n  o f  r e s u l t s .
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e s t i m a t e .  The e f f i c i e n c y  o f  gas  r e l a t i v e  t o  o i l ,  however,  
becomes l e s s  s i g n i f i c a n t  b u t  h a s  t h e  more p l a u s i b l e  v a lu e  
1.4-9*
Since  t h e  b r i c k s ,  cement and o t h e r  b u i l d i n g  
m a t e r i a l s  s e c t o r  i s  h e a v i l y  e nergy  i n t e n s i v e ,  a  r e l a t i v e l y  
l a r g e  and s i g n i f i c a n t  p r i c e  e l a s t i c i t y  i s  e x p e c te d .  The 
p r i c e  e l a s t i c i t y  i s ,  i n  f a c t ,  e s t i m a t e d  a s  -0.4-3 an^ ps 
s i g n i f i c a n t  a t  t h e  10$ l e v e l .  The t e m p e r a t u r e  e l a s t i c i t y  
i s  n e g a t i v e  b u t  t h e  t - s t a t i s t i c  i s  e q u a l  to  o n e .
The Durb in-W atson  s t a t i s t i c  i s  j u s t  below two
b u t  t h e  t e s t  f o r  p o s i t i v e  a u t o c o r r e l a t i o n  a t  t h e  5$ l e v e l
i s  i n c o n c l u s i v e .  A l though  th e  a d d i t i o n  of  p r i c e  and
pt e m p e r a t u r e  v a r i a b l e s  c o n s i d e r a b l y  i n c r e a s e s  R t h e  
r e l a t i o n s h i p  be tween t h e  p r o p o r t i o n  o f  p o t e n t i a l  h e a t  
s u p p l i e d  by c o a l  and  o u t p u t  i s  s t i l l  s t r o n g e r  so ,  a c c o r d i n g  
to  K l e i n ’ s c r i t e r i o n ,  t h e  m u l t i c o l l i n e a r i t y  may be h a r m f u l .  
H e t e r o s c e d ^ s t i c i t y  does n o t  a p p e a r  to  be a p rob lem .
The demand f u n c t i o n  i n c o r p o r a t i n g  exogenous 
e f f i c i e n c y  e s t i m a t e s  ( e q u a t i o n  4*383) g i v e s  a s i g n i f i c a n t  
o u t p u t  e l a s t i c i t y  o f  -0 .23 *  The p r i c e  e l a s t i c i t y  i s  more 
s i g n i f i c a n t  t h a n  i n  t h e  e f f i c i e n c y / d e m a n d  f u n c t i o n  and has  
t h e  n u m e r i c a l l y  g r e a t e r  v a l u e  o f  - 0 . 5 9 .  A l though  t h e  
t e m p e r a t u r e  e l a s t i c i t y  i s  n e g a t i v e  i t  has  a  t - r a t i o  of 
l e s s  t h a n  o n e .
There  i s  a  low d e g re e  o f  n e g a t i v e  a u t o c o r r e l a t i o n  
b u t  t h e  D urb in-W atson  t e s t  a t  t h e  5$ l e v e l  shows t h a t  i t  
i s  n o t  s i g n i f i c a n t .  M u l t i c o l l i n e a r i t y  i s  n o t  s t r o n g .
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Table  16 B r i c k s .  cement and o t h e r  b u i l d i n g  m a t e r i a l s : 
Sums o f  s q ua red  r e s i d u a l s  o f  dynamic m arke t  
s h a r e  m odels  i n c o r p o r a t i n g  endogenous and 
exogenous e f f i c i e n c y  e s t i m a t e s .
Heat  Sum o f  squa red  r e s i d u a l s
so u rc e E f f i c i e n c y e s t i m a t e s
endogenous exogenous
O i l 0 .00709 0 .00595
Coal 0 .00343 0 .00290
Gas 0 .87205 0 .88219
T o ta l 0 .88262 0 .89104
The sums o f  sq ua red  r e s i d u a l s  o f  t h e  m ark e t  
s h a r e  m ode ls ,  g iv e n  i n  T a b le  16 ,  show t h a t  th e  
endogenous e s t i m a t e s  o f  e f f i c i e n c y  a r e  more 
c o n s i s t e n t  w i t h  t h e  models t h a n  t h e  exogenous 
e s t i m a t e s .  S ince  th e  o i l / c o a l  e f f i c i e n c y  r a t i o s  
i n  b o th  s e t s  o f  e s t i m a t e s  a r e  s i m i l a r ,  t h e  exogenous 
e s t i m a t e  o f  t h e  e f f i c i e n c y  o f  gas  r e l a t i v e  to  o i l  
a p p e a r s  t o  be too low..
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4 . 3 9  C I - I I N A ,  E A R T H E N W A R E  A N D  G L A S S
4 . 3 9 1  B a s i c  e f f i c i e n c y / d e m a n d  f u n c t i o n
l o g F  = 2 . 5 1 9  + 0 • 1 3 3 1 o g O  + O . O 6 8 S C  -  0 . 0 0 1 S G  
( t = 0 . 7 0 ) ( t = 0 . 9 7 ) ( t = 0 . 0 1 )
R 2 = 0 . 1 5  D W  = 2 . 2 1
e 2 = 0 .001  16 n = 15
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 0 3
E f f i c i e n c y  o f  c o a l  r e l a t i v e  t o  o i l  = 0 . 8 6  
E f f i c i e n c y  o f  g a s  r e l a t i v e  t o  o i l  = 1 . 0 0
4 . 3 9 2  E x t e n d e d  e f f i c i e n c y / d e m a n d  f u n c t i o n  
4 . 3 9 2 1  C o n v e r g e n c e  s e q u e n c e
I t e r a t i o n  E f f i c i e n c y  o f  c o a l  E f f i c i e n c y  o f  g a s  
r e l a t i v e  t o  o i l  r e l a t i v e  t o  o i l
1 0 . 8 8  1 .02
2 0 . 8 9  1 . 0 4
3  0 . 8 8  1 . 0 2
4 - 0 . 8 8  1 ,0 2
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l o g F  =  2 . 5 1 6  + 0 • 1 3 6 l o g O  + 0 . 0 5 6 S C  -  0 . 0 1 O S G  
( t = 0 . 6 l )  ( t = 0 . 6 9 )  ( t = 0 . 0 7 )
+ 0 . 0 3 2 1 o g P  + 0 . 0 4 8 l o g T  
( t = 0 . 4 4 )  ( t = 0 • 2 9 )
4 . 3 9 2 2  E q u a t i o n  a t  c o n v e r g e n c e
R2 = 0.18 DW = 2 . 0 3
-£e2 = 0 . 0 0 1 13 n = 15
E f f i c i e n c y  o f  c o a l  r e l a t i v e  t o  o i l  =  0 , 8 8  
E f f i c i e n c y  o f  g a s  r e l a t i v e  t o  o i l  = 1 . 0 2
4 . 3 9 2 3  C o r r e l a t i o n s  b e t w e e n  i n d e p e n d e n t  v a r i a b l e s
V a r i a b l e l o g O S C S G l o g P l o g T
l o g O 1 . 0 0 - 0 . 9.2 0 . 8 1 - 0 . 7 3 0 . 2 3
S C 1 . 0 0 - 0 . 5 8 0 . 8 1 1 c •
S G 1 . 0 0 •
0
.1 0 . 1 3
l o g P 1 . 0 0 - 0 . 2 2
l o g T 1 . 0 0
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4 . 3 9 2 4  C o r r e l a t i o n s  b e t w e e n  i n d e p e n d e n t  v a r i a b l e s  
a n d  a b s o l u t e  r e s i d u a l s
V a r i a b l e  C o r r e l a t i o n  w i t h  ^ F - s t a t i s t i c
a b s o l u t e  r e s i d u a l s  ( U  )
l o g O  0 . 0 2  0 . 3 0
S C  0 . 0 0  0 . 0 0
S G  0 . 2 2  3 . 7 0
l o g P  0 . 0 1  0 . 1 2
l o g T  0 . 0 1  0 . 0 8
4 . 3 9 3  D e m a n d  f u n c t i o n  i n c o r p o r a t i n g  e x o g e n o u s  
e f f i c i e n c y  e s t i m a t e s
l o g F *  = 2 . 2 9 3  + 0 . 2 2 3 1 o g 0  -  0 . 0 1 5 - l o g P
( t = 3 . 6 5 )  ( t = 0 . 2 7 )
+  0  . 0 1 7 1  o  g T  
( t = 0 . 1 ! )
R 2 = 0 . 7 7  D W  = 2 , 0 7
=  0 . 0 0 1 3 0  n  = 1 5
C o r r e l a t i o n  d e t e r m i n a n t  = O .38
4 . 3 9 ^ D y n a m i c  m a r k e t  s h a r e  m o d e l s  i n c o r p o r a t i n g  
e n d o g e n o u s  e f f i c i e n c y  e s t i m a t e s
l o g S T O  = -  0 . 0 3 6  + 0 . 0 9 4 l o g P 0 C  -  0 . 1 0 2 r o g P 0 G
( t = 1 . 5 3 )  ( t = 3 . 9 2 )
+ 0 . 9 3 2 1 o g S T 0 L  
( t = 1 9 . 9 4 )
R 2 «  0 .  9 8  DW as 1 . 6 9
f t e 2 ss 0 . 0 0 2 8 1  n  = 1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 C 2 9
L o n g  r u n  o i l / c o a l  p r i c e  e l a s t i c i t y  = 1 . 3 9
L o n g  r u n  o i l / g a s  p r i c e  e l a s t i c i t y  = - 1 , 5 0
l o g S T C  = 0 . 0 3 3  + 0 . 0 8 6 l o g P C 0  + 0 . 1 5 0 1 o g P C G
( t = 0 . 6 9 ) ( t  = 1 • 3 0 )
+ 1 . 0 7 3 l o g S T C L  
( t = i 5 . 5 8 )
R 2 = 0 . 9 9  D W  = 1 . 7 5
. f t  e 2  = 0 . 0 2 1 0 3  n  =  1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 , 1 4
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L o n g  r u n  c o a l / o i l  p r i c e  e l a s t i c i t y  = - 1 . 1 8
L o n g  r u n  c o a l / g a s  p r i c e  e l a s t i c i t y  = - 2 . 0 5
4 .3 9 5
( t = 0 . 7 3 )  ( t = 2 . 7 9 )
+ 0 . 6 7 1 l o g S T G L  
( t = 3 . 39)
R 2  = 0 . 9 3  D W  = 2 . 0 1
£  e 2 = 0 . 0 1 0 3 5  n = 1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 0 2
L o n g  r u n  g a s / o i l  p r i c e  e l a s t i c i t y  = 0 . 2 0  
L o n g  r u n  g a s / c o a l  p r i c e  e l a s t i c i t y  =  - 0 . 9 9
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logSTG B - 0.12k + 0.0671ogi>G0 - 0.3251ogPGC
D y n a m i c  m a r k e t  s h a r e  m o d e l s  i n c o r p o r a t i n g  
e x o g e n o u s  e f f i c i e n c y  e s t i m a t e s
l o g S T O  = -  0 . 0 3 5  + 0 . 0 9 2 1 o g P 0 C  -  0 . 0 9 9 1 o g P 0 G
( t = 1 . 5 4 )  ( t = 3 . 9 6 )
+ 0 . 9 3 2 1 o g S T 0 L  
( t  = i 9 .0 0 )
R 2 = 0 . 9 7  DW = 1. 72
^ e 2  = 0 . 0 0 2 6 3  n  = 1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 , 2 9
L o n g  r u n  o i l / c o a l  p r i c e  e l a s t i c i t y  = 1 . 3 5
L o n g  r u n  o i l / g a s  p r i c e  e l a s t i c i t y  = - 1 . 4 6
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l o g S T C  = 0 . 0 3 1  + 0 . 0 8 6 l o g P C 0  + 0 . 1 5 0 l o g P C G
( t = 0 . 6 9 ) ( t = 1 . 3 1 )
+ 1 , 0 6 8 l o g S T C L  
( t = 1 6 , 0 6 )
R 2  =  0 , 9 9  D W = 1 . 7 5
£ e 2 a 0 . 0 2 1 2 9  n  = 1 5
C o r r e l a t i o n  d e t e r m i n a n t  =  0 . 1 4
L o n g  r u n  c o a l / o i l  p r i c e  e l a s t i c i t y  = - 1 , 2 6  
L o n g  r u n  c o a l / g a s  p r i c e  e l a s t i c i t y  = - 2 . 2 0
l o g S T G  = -  0 . 0 9 1  + 0 . 0 7 7 1 o g P G 0  -  0 . 3 2 1 l o g P G C
( t = 0 .82 )  ( t = 2 . 6 6 )
+ O , 7 2 3 1 o  g S T G L  
( t = 3 . 5 0 )  -
R2 = 0 . 9 1  D W  = 2 . 0 4
£  e 2 = 0 . 0 1 1 1 2  n  = 1 5
C o r r e l a t i o n  d e t e r m i n a n t  = 0 . 0 3
L o n g  r u n  g a s / o i l  p r i c e  e l a s t i c i t y  =  0 . 2 8  
L o n g  r u n  g a s / c o a l  p r i c e  e l a s t i c i t y  = - 0 . 1 5
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S t a t i s t i c a l l y  t h e  . b a s i c  e f f i e i e n c y /d e m a n d  f u n c t i o n  
( e q u a t i o n  4*391) i s  n o t  s a t i s f a c t o r y  b ecau se  a l l  t h e  
c o e f f i c i e n t s  have low t - r a t i o s .  The o u t p u t  e l a s t i c i t y  
i s  e s t i m a t e d  a s  0 . 1 3 ,  which  i s  a  l i t t l e  low er  t h a n  t h e  
t h e r m a l  en e rg y  c o e f f i c i e n t  f o r  t h e  i n d u s t r y .  The r e l a t i v e  
e f f i c i e n c y  e s t i m a t e s ,  however ,  seem q u i t e  p l a u s i b l e  s i n c e  
t h e  e f f i c i e n c y  o f  c o a l  r e l a t i v e  t o  o i l  i s  0 .8 6  and t h e  
e f f i c i e n c y  o f  gas r e l a t i v e  to o i l  i s  t h e  same as  t h e  
exogenous e s t i m a t e .
There i s  a t e n d e n c y  to w a rd s  p o s i t i v e  a u t o ­
c o r r e l a t i o n  b u t  t h e  Durb in -W atson  t e s t  shows t h a t  t h i s  
i s  n o t  s i g n i f i c a n t  a t  t h e  5$ l e v e l .  M u l t i c o l l i n e a r i t y ,
however ,  seems t o  be a  m a jo r  p rob lem  and may, i n  p a r t ,
be r e s p o n s i b l e  f o r  t h e  low t - r a t l o s .  The s e r i o u s n e s s
o
o f  t h e  m u l t i c o l l i n e a r i t y  s tems from t h e  v e r y  low R f o r  
t h e  e q u a t io n ;  t h e  c o r r e l a t i o n s  be tween t h e  in d e p e n d e n t  
v a r i a b l e s  a r e  much s t r o n g e r .
The e x ten d ed  e f f i c i e n c y / d e m a n d  f u n c t i o n  ( e q u a t i o n  
4*3922) p r o v i d e s  r e s u l t s  v e r y  s i m i l a r  t o  t h e  b a s i c  
e q u a t i o n  b o th  n u m e r i c a l l y  and i n  t e rm s  o f  s i g n i f i c a n c e .
The o u t p u t  e l a s t i c i t y  has  a v a l u e  o f  0 .14  and t h e  r e l a t i v e  
e f f i c i e n c y  e s t i m a t e s  i n c r e a s e  m a r g i n a l l y .  The e f f i c i e n c y  
o f  c o a l  r e l a t i v e  to o i l  i s  0 .8 8  and t h e  e f f i c i e n c y  o f  gas 
r e l a t i v e  t o  o i l  i s  1 . 0 2 .
4*396 I n t e r p r e t a t i o n  o f  r e s u l t s .
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The p r i c e  and t e m p e r a t u r e  e l a s t i c i t i e s  have 
t h e  wrong s i g n s  and v e r y  low t - s t a t i s t i c s .
A l though  t h e  Durb in -W atson  s t a t i s t i c  shows 
o n ly  a sm a l l  d e g re e  o f  n e g a t i v e  a u t o c o r r e l a t i o n ,  
t h e  D urb in-W atson  t e s t  a t  the  5$ l e v e l  i s  i n c o n c l u s i v e .  
M u l t i c o l l i n e a r i t y  i s  a g a i n  s e r i o u s ,  a c c o r d i n g  t o  K l e i n ' s  
c r i t e r i o n ,  w i t h  o n l y  t h e  t e m p e r a t u r e  v a r i a b l e  u n a f f e c t e d .  
The s i g n i f i c a n c e  o f  t h e  g a s / o i l  e f f i c i e n c y  r a t i o  may be 
u n d e r s t a t e d ,  to  a  c e r t a i n  e x t e n t ,  because  o f  h e t e r o ­
s c e d a s t i c i t y .
The. o u tp u t  e l a s t i c i t y  i n  t h e  demand f u n c t i o n  
i n c o r p o r a t i n g  exogenous e f f i c i e n c y  e s t i m a t e s  ( e q u a t i o n  
4 .3 9 3 )  i s  h i g h l y  s i g n i f i c a n t  and h a s  a v a lu e  o f  0 .2 2 .
The p r i c e  e l a s t i c i t y  i s  n e g a t i v e  bu t  has  a low t - s t a t i s t i c  
w h i l e  t h e  t e m p e r a t u r e  e l a s t i c i t y  has  t h e  wrong s i g n  and 
i s  i n s i g n i f i c a n t .
The te n d e n c y  to w a rd s  n e g a t i v e  a u t o c o r r e l a t i o n  
i s  n o t  s i g n i f i c a n t  a t  the  5$ l e v e l .  M u l t i c o l l i n e a r i t y
does n o t  a p p e a r  t o  be a  p rob lem .
2
A l though  th e  R i s  v e r y  much h i g h e r  i n  t h e  
demand f u n c t i o n  i n c o r p o r a t i n g  exogenous e f f i c i e n c y  
e s t i m a t e s ,  as  p o i n t e d  o u t  e a r l i e r ,  t h i s  c a n n o t  be 
compared w i th  th e  R i n  t h e  e f f i c i e n c y / d e m a n d  f u n c t i o n  
s i n c e  t h e  dependen t  v a r i a b l e s  a r e  d i f f e r e n t .  The sum 
o f  sq ua red  r e s i d u a l s  c an ,  however ,  be compared and i n
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T ab le  17 China,  e a r th e n w a re  and g l a s s :  Sums o f  squared
r e s i d u a l s  o f  dynamic m arke t  s h a r e  models 
i n c o r p o r a t i n g  endogenous and exogenous 
e f f i c i e n c y  e s t i m a t e s .
Heat  Sum o f  squa red  r e s i d u a l s
so u r c e  E f f i c i e n c y  e s t i m a t e s
endogenous exogenous
O i l  0 .00281  0 .00263
Coal 0 .02103  0 .02129
Gas 0 .01035  0 .01112
T o t a l  0 .03419 0 .03504
b o th  e f f i c i e n c y / d e m a n d  f u n c t i o n s  i t  i s  low er  t h a n  i n  
t h e  demand f u n c t i o n  i n c o r p o r a t i n g  exogenous e f f i c i e n c y  
e s t i m a t e s .
The sums o f  s q u a re d  r e s i d u a l s  o f  t h e  market  
sh a re  models -are summarized i n  Table 17* The 
endogenous e s t i m a t e s  o f  e f f i c i e n c y  g iv e  a lo w er  sum 
o f  squ a red  r e s i d u a l s  t h a n  t h e  exogenous e s t i m a t e s  
and a re  t h e r e f o r e  judged to  be more s a t i s f a c t o r y .
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CHAPTER FIVE 
SUMMARY AND CQiNCLUSIONS 
5 .1  An o u t l i n e  o f  t h e  p ro b le m .
Economic t h e o r y  s u g g e s t s  t h a t  t h e  i n d u s t r i a l  
demand f o r  energy  w i l l  depend p r i m a r i l y  on t h e  l e v e l  o f  
i n d u s t r i a l  o u t p u t  and the  p r i c e  o f  energy r e l a t i v e  t o  
o t h e r  i n d u s t r i a l  i n p u t s .  A fu n d am e n ta l  p roblem 
o c c u r r i n g  i n  th e  a n a l y s i s  o f  ene rg y  demand c o n c e rn s  
t h e  a g g r e g a t i o n  o f  f u e l  i n p u t .  ' The demand f o r  o i l ,  
c o a l  and gas  i s  a  demand d e r i v e d  from t h e  r e q u i r e m e n t  
f o r  h e a t .  Energy consum ption  s t a t i s t i c s ,  however ,  
a r e  n o t  measured i n  te rm s  o f  h e a t  d e r i v e d  from  f u e l s  
b u t  i n  t e rm s  o f  t h e  h e a t  c o n t e n t  o f  f u e l s .
Heat i s  r e l e a s e d  from f u e l s  by means o f  
com bust ion  r e a c t i o n s  which i n v o l v e  t h e  th o ro u g h  m ix ing  
o f  f u e l s  w i t h  t h e  minimum amount o f  a i r  n e c e s s a r y  f o r  
maximum h e a t  r e l e a s e .  An a n a l y s i s  o f  t h e  p h y s i c a l  
and chem ica l  a s p e c t s  o f  com bus t ion  shows t h a t  n o t  a l l  
t h e  h e a t  c o n t e n t  o f  f u e l s  can  be r e l e a s e d  a s  u s a b l e  
h e a t  and,  more i m p o r t a n t l y ,  s in c e  f u e l s  have d i f f e r e n t  
p h y s i c a l  forms and r e l e a s e  d i f f e r e n t  q u a n t i t i e s  o f  
h y d ro gen ,  t h e  p r o p o r t i o n s  o f  u s a b l e  h e a t  r e l e a s e d  from  
f u e l s  d i f f e r .  C o n seq u e n t ly  one u n i t  o f  f u e l  , i nft!
c o n j u n c t i o n  w i t h  o t h e r  f a c t o r s  o f  p r o d u c t i o n ,  does 
n o t  n e c e s s a r i l y  p roduce  t h e  same amount o f  o u t p u t  as  a
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s i m i l a r  u n i t  o f  an a l t e r n a t i v e  f u e l .  A ggrega te  f u e l  
i n p u t  measured i n  t e rm s  o f  h e a t  c o n te n t  i s  n o t ,  t h e r e f o r e ,
t h e  a p p r o p r i a t e  measure  o f  energy demand r e l a t e d  to  o u t p u t .
The r a t i o  o f  u s a b l e  h e a t  r e l e a s e d  from a f u e l  
and th e  h e a t  c o n t e n t  o f  a g i v e n  q u a n t i t y  o f  f u e l  i s
known a s  t h e  e f f i c i e n c y  o f  f u e l  u s e .  E s t i m a t e s  o f  t h e
e f f i c i e n c i e s  o f  f u e l  u se  can  be o b t a in e d  from e n g i n e e r i n g  
d a t a  and u sed  t  o e x p r e s s  f u e l  consum ption  d a t a  i n  te rm s  
o f  u s e f u l  h e a t .  However, t h e s e  e s t i m a t e s  o f  e f f i c i e n c y  
a r e  app rox im ate  and a r b i t r a r y  and an economist  may n o t  
n e c e s s a r i l y  have t h e  t e c h n i c a l  background t o  e v a l u a t e  
a l t e r n a t i v e  e f f i c i e n c y  e s t i m a t e s .  In  a d d i t i o n ,  t h e  
Department  o f  Energy do n o t  c o n s i d e r  e n g i n e e r i n g  e s t i m a t e s  
o f  e f f i c i e n c y  r e l i a b l e  enough to  be  p u b l i s h e d  i n  
c o n j u n c t i o n  w i t h  en e rg y  consum ption  d a t a .  A l l  e s t i m a t e s  
o f  e f f i c i e n c y  d e r i v e d  from e n g i n e e r i n g  d a t a  do, however, 
s u g g e s t  t h a t  w h i l e  o i l  and gas  can be consumed w i t h  
s i m i l a r  e f f i c i e n c y ,  c o a l ,  burned  on a g r a t e ,  i s  r a t h e r  
l e s s  e f f i c i e n t .
An a l t e r n a t i v e  to  e n g i n e e r i n g  e s t i m a t e s  of  
e f f i c i e n c y  h as  been  s u g g e s t e d  by Turvey and Nobay who 
recommend u s i n g  e x p e n d i t u r e  a t  c o n s t a n t  p r i c e s  to  measure  
energy  demand. In  o t h e r  words ,  p r i c e s  i n s t e a d  o f  
e f f i c i e n c y  e s t i m a t e s  sh o u ld  be u sed  to w e ig h t  energy  
consum ption  d a t a .  While t h i s  i s  m e t h o d o l o g i c a l l y  
s u p e r i o r  to  u s i n g  h e a t  c o n t e n t  d a t a ,  s i n c e  i t  r e c o g n i s e s
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t h a t  t h e r e  i s  an a g g r e g a t i o n  problem, i n  p r a c t i c e  i t  
may n o t  be c o m p le t e ly  s a t i s f a c t o r y *  I f  p r i c e s  a r e  
u sed  to w e ig h t  e nergy  consum ption  d a t a ,  r e l a t i v e  p r i c e s  
sho u ld  r e f l e c t  r e l a t i v e  e f f i c i e n c y  e s t i m a t e s .  An 
a n a l y s i s  o f  t h e  p r i c e s  o f  f u e l s  be tween I960  and 1974 
r e v e a l e d  t h a t  p r i c e  r a t i o s  c o n t r a d i c t e d  e f f i c i e n c y  r a t i o s  
t o  such  au  e x t e n t  t h a t  t h e y  could  n o t  be a c c e p t e d  a s  
b e in g  a r e a l i s t i c  a l t e r n a t i v e .
Adams and Miovic have su g g e s te d  a  s t a t i s t i c a l  
method f o r  e s t i m a t i n g  r e l a t i v e  e f f i c i e n c i e s  i n  which  
f u e l  i n p u t  i s  assumed t o  be p r o p o r t i o n a l  t o  o u t p u t .  
U n f o r t u n a t e l y  t h i s  t e c h n i q u e ,  a l th o u g h  i n g e n i o u s ,  has  
v e ry  l i m i t e d  a p p l i c a t i o n  s i n c e  m a t h e m a t i c a l l y  t h e  o u tp u t  
e l a s t i c i t y  i s  c o n s t r a i n e d  t o  u n i t y .  In  g e n e r a l ,  however, 
th e  o u tp u t  e l a s t i c i t y  w i l l  n o t  be e q u a l  t o  one f o r  a  
number of  r e a s o n s .  As o u t p u t  expands ,  f o r  example ,  new 
and more e f f i c i e n t  equipment  can  be u sed  to  p roduce  t h e  
i n c r e m e n t  i n  o u t p u t  and t h i s  would tend  t o  g iv e  an o u tp u t  
e l a s t i c i t y  of  l e s s  t h a n  one .  A l t e r n a t i v e l y ,  t h e  
i n c r e m e n t a l  o u t p u t  may be more energy  i n t e n s i v e  b ecau se  
a  d i f f e r e n t  p r o d u c t  i s  p roduced and t h i s  would t en d  t o  
g iv e  an o u tp u t  e l a s t i c i t y  o f  g r e a t e r  t h a n  one .
Another  a s su m p t io n  made i n  t h e  Adams and Miovic 
method i s  t h a t  f u e l  i n p u t  and o t h e r  f a c t o r s  o f  p r o d u c t i o n  
can n o t  s u b s t i t u t e  f o r  one a n o t h e r .  Under t h i s  a s su m p t io n  
t h e  p r i c e  e l a s t i c i t y . m u s t  be z e r o .
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E x i s t i n g  m ethods o f  d e a l i n g  w i t h  t h e  n o n -  
homogeneous n a t u r e  o f  f u e l  i n p u t ,  f o r  t h e  r e a s o n s  
g i v e n  above ,  a r e  n o t  e n t i r e l y  s a t i s f a c t o r y .  A new 
t e c h n iq u e  based  on m o d ify ing  t h e  demand f u n c t i o n  t o  
a c c o u n t  f o r  t h e  non-homogeneous e x p r e s s i o n  o f  f u e l .  * 
i n p u t ,  deve lo p ed  in  t h i s  t h e s i s ,  i s  summarized below.
5•2 A s o l u t i o n  to  t h e  p ro b le m .
In  a  m arke t  c o n s i s t i n g  o f  on ly  one f u e l ,  F-^,
t h e  amount o f  f u e l ,  measured  a s  p o t e n t i a l  h e a t ,
r e q u i r e d  t o  p roduce  a  g i v e n  l e v e l  o f  o u t p u t ,  o t h e r
f a c t o r s  r e m a in in g  c o n s t a n t ,  w i l l  n o t  v a r y .  I f  a  m arke t
c o n s i s t s  o f  two f u e l s ,  F-  ^ and Fp, and the f u e l s  a r e  used
w i t h  d i f f e r e n t  e f f i c i e n c i e s ,  t h e n  th e  amount o f  h e a t
r e q u i r e d  t o  p roduce  a g iv e n  l e v e l  o f  o u t p u t ,  o t h e r
f a c t o r s  r e m a in in g  c o n s t a n t ,  w i l l  depend on t h e  c o m p o s i t io n
o f  f u e l  i n p u t .  The c o m p o s i t i o n  o f  f u e l  i n p u t  c a n  be
d e s c r i b e d  a s  t h e  p r o p o r t i o n  o f  p o t e n t i a l  h e a t  s u p p l i e d  by 
1
F2 . I f  Fp i s  u sed  more e f f i c i e n t l y  t h a n  F ^ , a s  t h e  
p r o p o r t i o n  of p o t e n t i a l  h e a t  s u p p l i e d  by F^ i n c r e a s e s ,  
l e s s  f u e l  i n p u t  i s  r e q u i r e d  to p roduce  a  g iv e n  l e v e l  o f  
o u t p u t .  The p r o p o r t i o n  o f  p o t e n t i a l  h e a t  s u p p l i e d  by F^ 
w i l l  t h e r e f o r e  be n e g a t i v e l y  r e l a t e d  to f u e l  i n p u t  when 
F^ i s  used w i th  g r e a t e r  e f f i c i e n c y  th a n  F-^. C o n v e r se ly ,
i f  F^ i s  u se d  l e s s  e f f i c i e n t l y  t h a n  F-^, t h e  p r o p o r t i o n
1 .  A l t e r n a t i v e l y  t h e  c o m p o s i t i o n  o f  f u e l  i n p u t  can  be 
e x p r e s s e d  a s  t h e  p r o p o r t i o n  o f  p o t e n t i a l  h e a t  s u p p l i e d  by F^ .
o f  p o t e n t i a l  h e a t  s u p p l i e d  by Fp w i l l  be p o s i t i v e l y  
r e l a t e d  t o  f u e l  i n p u t .
G e n e r a l i z i n g  t h i s  p r i n c i p l e  t o  a  m arke t  
c o n s i s t i n g  o f  n  f u e l s ,  F-^, F^, . . .  , 3?n> and a l lo w in g  
f o r  p r i c e  and t e m p e r a t u r e  e l a s t i c i t i e s ,  t h e  e f f i c i e n c y /  
demand f u n c t i o n  can  be e x p r e s s e d  a s :
l o g F  = b ^  + b p 8 F 2 + . . .  + + c ^ l o g O
+ c 2logP  + c^logT + u t
where F = A ggrega te  f u e l  i n p u t  e x p re s sed  a s
• , p o t e n t i a l  h e a t  
SF = P r o p o r t i o n  o f  p o t e n t i a l  h e a t  
s u p p l i e d  by F2
SF = P r o p o r t i o n  o f  p o t e n t i a l  h e a t
s u p p l i e d  by Fn
0 = Output
P = P r i c e  p e r  u n i t  o f  t h e r m a l  energy
T = T em pera tu re
s  Output  e l a s t i c i t y  
c 2 = P r i c e  e l a s t i c i t y  
c^ = . T em pera tu re  e l a s t i c i t y
F u r t h e r  a n a l y s i s  r e v e a l s  t h a t
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e 2 = E f f i c i e n c y  o f  u s e  of  F2 
6n = E f f i c i e n c y  o f  u se  o f  Fn
S ince  t h e  i n d u s t r i a l  consum er’ s demand i s  f o r  
h e a t ,  t h e  p r i c e  v a r i a b l e  i n  t h e  e f f i c i e n c y / d e m a n d  
f u n c t i o n  must be p r i c e  p e r  u n i t  o f  h e a t .  The 
c a l c u l a t i o n  o f  p r i c e  t h e r e f o r e  r e q u i r e s  knowledge of  
r e l a t i v e  e f f i c i e n c y  e s t i m a t e s  y e t  p r i c e  i s  i n c l u d e d  i n  
t h e  f u n c t i o n  t h a t  e s t i m a t e s  r e l a t i v e  e f f i c i e n c i e s .  
C o nseq u e n t ly ,  an  i t e r a t i v e  p ro c e d u re  must be used f o r  
e s t i m a t i n g  th e  e f f i c i e n c y / d e m a n d  f u n c t i o n .  I f  p r i c e  
i s  c a l c u l a t e d  assuming no d i f f e r e n c e  i n  r e l a t i v e  
e f f i c i e n c y ,  t h e  e f f i c i e n c y / d e m a n d  f u n c t i o n  w i l l  e s t i m a t e  
a pp ro x im a te  r e l a t i v e  e f f i c i e n c i e s  t h a t  can be used  to  
r e - c a l c u l a t e  p r i c e .  The new p r i c e  v a r i a b l e  can  be . 
used i n  a  r e - e s t i m a t i o n  o f  t h e  e f f i c i e n c y / d e m a n d  f u n c t i o n  
and t h e  r e - e s t i r a a t i o n  w i l l  g iv e  a n o th e r  s e t  o f  e f f i c i e n c y  
e s t i m a t e s .  T h is  p r o c e s s  can  be r e p e a t e d  u n t i l  t h e  
e f f i c i e n c y  v a l u e s  used  i n  t h e  c a l c u l a t i o n  o f  p r i c e  
c o i n c i d e  w i t h  t h o s e  e s t i m a t e d  by t h e  e q u a t i o n  a t  some 
p r e - a s s i g n e d  l e v e l  o f  a c c u r a c y .
where  e^ = E f f i c i e n c y  o f  u s e  o f  F-^
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The e f f i c i e n c y /d e m a n d  f u n c t i o n  was e s t i m a t e d  
w i t h  d a t a  r e l a t i n g  t o  t h e  U.K. m arke t  f o r  t h e r m a l  
en e rgy  between I960  and 1974* T h is  m arke t  c o n s i s t s  
o f  o i l ,  c o a l  and g a s .  E l e c t r i c i t y ,  i s  n o t  i n c l u d e d  
b e c a u se  th e  p r i c e  p e r  u n i t  o f  h e a t  d e r iv e d  from 
e l e c t r i c i t y  r e l a t i v e  to  f u e l s  i s  so h ig h  t h a t  d i r e c t  
s u b s t i t u t i o n  f o r  f u e l s  does  n o t  o c c u r .  As a  b a s i s  f o r  
com par ison  a demand f u n c t i o n  was a l s o  e s t i m a t e d  u s i n g  
e f f i c i e n c y  e s t i m a t e s  d e r i v e d  from e n g i n e e r i n g  d a t a .
The e n g i n e e r i n g  e f f i c i e n c i e s  used were t h o s e  judged  t o  
be t h e  most r e p r e s e n t a t i v e  o u t  o f  a s e l e c t i o n  o f  
e s t i m a t e s .  O i l  and gas  were g iv e n  e q u a l  e f f i c i e n c y  
w e ig h t in g  w h i l e  t h e  e f f i c i e n c y  o f  c o a l  was 0 .7 5  t h e  
e f f i c i e n c y  o f  o i l .
A g e n e r a l  p rob lem  w i t h  t h e  d a t a  was t h a t  i t  
d e s c r i b e d  a  p e r i o d  i n  w hich  t h e r e  was a  s u s t a i n e d  
s u b s t i t u t i o n  o f  o i l  f o r  c o a l  f o l lo w e d  by a  s u s t a i n e d  
s u b s t i t u t i o n  o f  gas  f o r  o i l  a.nd c o a l .  These 
s u b s t i t u t i o n s  o c c u r r e d  i n  r e s p o n s e  to  p e r s i s t e n t  p r i c e  
a d v a n ta g e s  i n  f a v o u r  o f  o i l  and g a s .  C o n s e q u e n t ly , 
t h e  c o m p o s i t io n  o f  f u e l  i n p u t  appea red  to  move 
s y s t e m a t i c a l l y  w i t h  time.. Dur ing  t h e  same p e r i o d  
o u t p u t  i n  most in d u s t i* ie s  c o n t i n u o u s l y  i n c r e a s e d  a s  w e l l .  
M u l t i c o l l i n e a r i t y  was t h e r e f o r e  a  problem w i t h  t h e  d a t a
5*3 An a s s e s s m e n t  o f  t h e  s o l u t i o n .
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u sed  to  e s t i m a t e  t h e  e f f i c i e n c y /d e m a n d  f u n c t i o n s  b u t ,
a c c o r d i n g  to  K l e i n ’ s c r i t e r i o n ,  i t  may no t  a lw ays  have
been  h a rm f u l .  The con seq u e n ce s  o f  m u l t i c o l l i n e a r i t y
a r e  t h a t ,  a l t h o u g h  u n b i a s e d ,  t h e  c o e f f i c i e n t s  may be
*
u n r e l i a b l y  e s t i m a t e d  and may n o t  ap p ea r  t o  be c a u s a l l y  
r e l a t e d  to  t h e  dependen t  ^ v a r i a b l e .
The e s t i m a t e d  e f f i c i e n c i e s  o f  c o a l  r e l a t i v e  
t o  o i l  and gas  r e l a t i v e  t o  o i l  f o r  d i f f e r e n t  i n d u s t r i a l  
g ro u ps  a r e  summarized i n  T ab le  18 .  With t h e  e x c e p t i o n  
o f  one e s t i m a t e  t h e  e f f i c i e n c y  o f  c o a l  r e l a t i v e  to  o i l  
i s  l e s s  t h a n  one i n  each c a s e  i n  a cc o rd a n c e  w i t h  ’a  p r i o r i ’ 
e x p e c t a t i o n s .  .
The i n c o n s i s t e n t  e s t i m a t e  o c c u r r e d  i n  t h e  p a p e r ,  
p r i n t i n g  and s t a t i o n e r y  s e c t o r .  The g ro u p in g  o f  p a p e r ,  
p r i n t i n g  and s t a t i o n e r y  i n  one s e c t o r  i s  n o t  a p p r o p r i a t e  
f o r  t h e  a n a l y s i s  o f  e nergy  demand s i n c e  t h e  i n d u s t r i e s  
w i t h i n  t h e  s e c t o r  d i f f e r  w id e ly  i n  energy  i n t e n s i v e n e s s  
and i n  p r o c e s s e s  u s e d .  A l though  th e  m a n u fa c tu re  o f  
p a p e r  and b oa rd  o ve rw helm ing ly  dom ina tes  energy  
consum ption  i n  t h e  s e c t o r  i t  does n o t  dom inate  t h e  
l e v e l  of  a g g r e g a t e  o u t p u t .  C o n se q u e n t ly ,  i f  t h e r e  a re  
changes  i n  t h e  r e l a t i v e  l e v e l s  o f  o u t p u t  o f  t h e  component 
i n d u s t r i e s ,  t h e  amount o f  f u e l  n e c e s s a r y  to p roduce  a  
given- amount o f  a g g r e g a t e  o u t p u t  w i l l  n o t  be c o n s t a n t .  
S y s te m a t i c  movements i n  t h e  r e l a t i v e  l e v e l s  o f  o u t p u t
*
I n  t h e  s e n se  t h a t  t h e  v a r i a n c e s  o f  t h e  p a ra m e te r  e s t i m a t e s  
may t e n d  t o  be l a r g e .
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T a b l e  1 8  R e l a t i v e  e f f i c i e n c y  v a l u e s  e s t i m a t e d  b v
the extended efficiency/demand function.
Industry Relative efficiency
coal/oil gas/oil
Iron and steel 0.80 5.09
Engineering etc. 0.4-7 *** 0.86
Food etc. 0.55 ** 1.00
Chemicals etc. 0.80 0.29 ***
Textiles etc. 0.73 * 1.78
Paper etc. 1.42 *** 2.50***
Bricks etc. 0.71 1.48
China etc. 0.88 1.02
All industry 0.75 *** 0.82 *
*** Coefficient significant at the 5$ level
Coefficient significant at the 10$ level
Coefficient significant at the 20$ level
The generally accepted, but arbitrary, level at which 
variables are usually taken as being significantly 
related is the 5$ level.
. -  2 0 3  -
of the industries in the paper, printing and stationery 
sector did occur in the period of analysis and are 
reflected in the relative efficiency estimates.
The estimates of the efficiency of gas relative 
to oil may, to a certain extent, be unreliable because of 
the lack of variation in the proportion of potential heat 
supplied by gas during I960 and 1970 due to the non­
competitive nature of gas sales. The efficiency of gas 
relative to oil will therefore have been estimated, to a 
large extent, on the variations in the proportion of 
potential heat supplied by gas between 1970 and 1974*
There are, however, two inconsistencies in the estimates 
that are worth discussing. These occur in the iron and 
steel industry and the chemicals industry.
The iron . and steel industry is a very intensive 
user of energy, particularly coal, and consequently keeps 
large stocks of fuel. In 1974 there was a miners’ 
strike which.resulted in a decline in the deliveries of 
coal. Consumption figures for coal in 1974, which refer 
to deliveries into consumption rather than fuels actually 
used, therefore also declined. The iron and steel 
industry did, however, maintain output by using stocks of 
fuels but this was not reflected in the consumption 
statistics. Consequently there appeared to be a large, 
but illusory, increase in the efficiency of fuel use in
-  2 0 4  -
1974. This was reflected in the efficiency of gas 
relative to oil, estimated as 5.09, because the 
proportion of potential heat supplied by gas increased 
that year.
For the chemicals industry the efficiency of 
gas relative to oil, estimated as 0.29, was understated. 
Gas can be used as a chemical feedstock as well as a 
source of heat. The declining price of gas after 1969 
resulted in large quantities of gas being used as a 
chemical feedstock. However, it is not possible to 
distinguish between the feedstock element and the fuel 
element in gas consumption. Consequently, the increasing
feedstock component in 'fuel' consumption has implied an 
apparent, but illusory, decrease in the efficiency of 
fuel use. This has been reflected in the coefficient 
describing the efficiency of gas relative to oil.
The discrepancies in the relative efficiency 
estimates described above illustrate that the estimates 
provided by the efficiency/demand function, like all 
other regression coefficients, can only be as good as 
the data.
Table 19 summarizes the output elasticities 
obtained from the extended efficiency/demand function 
and the demand function incorporating endogenous 
efficiency estimates. The value of the output elasticity
-  2 0 5  -
Table 19 Output elasticities estimated from the extended 
efficiency/demand function and the demand 
function incorporating exogenous efficiency 
estimates.
Industry Output elasticity
Efficiency estimates
endogenous exogenous
Iron and steel 0.65 *** 0.93***
Engineering etc. 1.40 *** 1.10***
Food etc. 1.66 *** 1.16***
Chemicals etc. 0.10 0.95***
Textiles etc. -0.25 -0.56***
Paper etc. 0.40 *** 0.67***
Bricks etc. -0.05 -0.23 ***
China etc. 0.14 0 22***
All industry 0.47 *** 0.60***
* * *  C o e f f i c i e n t  s i g n i f i c a n t  a t  t h e  5 $  l e v e l
* *  C o e f f i c i e n t  s i g n i f i c a n t  a t  t h e  1 0 $  l e v e l
*  C o e f f i c i e n t  s i g n i f i c a n t  a t  t h e  2 0 $  l e v e l
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can vary for a number of reasons. Increases in 
efficiency due to technical reasons, movement towards 
less energy intensive output and the introduction of 
new technology requiring less fuel input will tend to 
give an output elasticity of less than one.
Alternatively, movement towards more energy intensive 
output and the introduction of new technology requiring 
more fuel input will tend to give an output elasticity 
of greater than one. Each industry has a characteristic 
output elasticity reflecting a combination of the factors 
mentioned above.
The output elasticity is sensitive to the 
assumptions made about efficiency. In the all industry 
sector, for example, the endogenous and exogenous 
estimates of the efficiency of coal relative to oil are 
the same and the endogenous efficiency of gas relative 
to oil is 0.82 compared with the exogenous estimate of 
1.00. The output elasticity in the extended efficiency/ 
demand function is 0.47 while in the demand function 
incorporating exogenous estimates of efficiency it is
0.60; both .are highly significant. However, the 
endogenous and exogenous estimates of efficiency only 
give output elasticities of a different scale in the 
chemicals industry. The reason for this has been 
explained before.
-  2 0 7  -
The demand function incorporating.endogenous 
efficiency estimates sometimes gives a highly significant 
output elasticity when the extended efficiency/demand 
function does not. This is probably due to the higher 
degree of multicollinearity in the efficiency/demand 
function..
In Table 20 the price elasticities obtained 
from the extended efficiency/demand function and the 
demand function in corpora, ting exogenous efficiency 
estimates are summarized. The price elasticity 
measures the extent to which other factors of production 
can be substituted for thermal energy. If the price of 
thermal energy increases, industrial fuel consumers will 
attempt to reduce their fuel input and they can do this 
by employing more capital or labour. Capital can 
substitute for fuel input through the use of energy 
saving equipment and by minimizing heat loss by ensuring 
that existing equipment is in the best possible working 
condition. labour can be substituted for energy through 
increased managerial attention to energy saving and 
re-direction of the workforce towards better control 
over the combustion process.
Like the output elasticity the price elasticity 
appears to be sensitive to the assumptions made about 
efficiency. In the all industry sector the endogenous
-  2 0 8  -
Table 20 Price elasticities estimated from the extended 
efficiency/demand function and the demand 
function incorporating exogenous efficiency 
estimates.
Industry Price elasticity
Efficiency estimates
endogenous exogenous
Iron and steel -0.09 0.03
Engineering etc. -0.01 0.05
Pood etc. 0.03 0.01
Chemicals etc. -0.19 0.37
Textiles etc. -0.29 -0.40 ***
Paper etc. -0.09 ** -0.26 ***
Bricks etc. -0.43 -0.59 ***
China etc. ■ 0.03 -0.02
All industry -0.20 *** -0.12 *'**
*** Coefficient significant at the 5$ level
** Coefficient significant at the 10$ level
* Coefficient significant at the 20$ level
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efficiencies give a price elasticity of -0.20 while 
the exogenous efficiencies give a value of -0.12.
It is surprising, however, that in the iron and steel 
industry and the china, earthenware and glass industry, 
both of which are heavily energy intensive, a significant 
price elasticity was not obtained from using either 
endogenous or exogenous efficiency estimates.
The temperature elasticities, summarized in 
Table 21, show that negative and significant values were 
only obtained in one industry. This may indicate that 
temperature should not have been included as an 
independent variable or it may indicate that temperature 
has been measured, badly. Since it was very weakly 
related to the other independent variables the inclusion 
of temperature has probably not done any harm.
Given relative efficiency estimates, the 
proportion of heat supplied by each fuel can be calculated 
and market share models estimated. If the efficiency 
estimates are inaccurate, the calculations of market 
share will also be inaccurate and this will be reflected 
in the residuals of the market share models. Consequently, 
the efficiency estimates giving the lowest total sum of 
squared residuals in the oil, coal and gas market share
-  2 1 0  -
Table 21 Temperature elasticities estimated from the
extended efficiency/demand function and the 
demand function incorporating exogenous 
efficiency estimates.
Industry Temperature elasticity
Efficiency estimates 
endogenous exogenous
Iron and steel 
Engineering etc 
Food etc. 
Chemicals etc. 
Textiles etc. 
Paper etc. 
Bricks etc. 
China etc.
All industry
-0.08 
-0.34 *** 
0.05 
0.28 * 
0.04 
- 0 . 0 1  
-0.27 
0.05
0.03
-0.27 
- 0 . 3 0  '** 
0.03 
0.17 
0 . 1 0  
0 . 0 0  
- 0 . 2 0  
0 . 0 2
0 . 0 1
* * *  C o e f f i c i e n t  s i g n i f i c a n t  a t  t h e  5 $  l e v e l
* *  C o e f f i c i e n t  s i g n i f i c a n t  a t  t h e  1 0 $  l e v e l
*  C o e f f i c i e n t  s i g n i f i c a n t  a t  t h e  2 0 $  l e v e l
-  2 1 1  -
The sums of squared residuals of the market 
share models incorporating endogenous and. exogenous 
efficiency estimates are summarized in Table 22.
In the iron and steel industry, in which a bad estimate 
of the efficiency of gas relative to oil was obtained, 
the endogenous efficiency estimates give the most 
satisfactory results. The value of the efficiency of 
gas relative to oil in this case was primarily the 
result of one inappropriate observation. In contrast, 
the chemicals industry, in which a very low estimate- 
of the efficiency of gas relative to oil was obtained, 
the squared residuals favour the endogenous estimates. 
The value of the efficiency of gas relative to oil in 
this case was the result of a systematic inconsistency 
in a series of observations. The low efficiency of gas
2
m o d e l s  a r e  t h e  m o s t  . a c c u r a t e  e s t i m a t e s .
2. The coefficients of the market share models
were not found to be useful in evaluating alternative 
efficiency estimates since they were usually of the same 
order of magnitude. The coefficients are therefore not 
summarized here but given in Appendix A. Some general 
comments about the price elasticities are made in 
section 4*318.
-  2 1 2  -
Table 22 Sums of squared residuals of dynamic market 
share models incorporating endogenous and 
exogenous efficiency estimates.
Industry Sum of squared 
residuals
Efficiencies
minimizing
Efficiency estimates squared
endogenous exogenous residuals .
Iron and steel 0.01165 0.01016 exogenous
Engineering etc. 0.02806 0.02624 exogenous
Food etc. 0.01702 0.01715 endogenous
Chemicals etc. 0.22015 0.23591 endogenous
Textiles etc. 0.05404 0.05585 endogenous
Paper etc. 0.09129 0.09781 endogenous
Bricks etc. 0.88262 0.89104 endogenous
China etc. 0.03419 0.03504 endogenous
All industry 0.01674 0 . 0 1 6 8 1 endogenous
It should be noted that the degrees of freedom involved in 
the endogenous and exogenous estimates differ slightly 
because the endogenous estimates of efficiency were 
obtained from the same data but in a different model.
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relative to oil therefore counteracts to some extent 
the inconsistency in the potential heat supplied data.
A similar ’correction’ appears also to have occurred 
in the paper, printing and stationery sector.
In only two of the nine cases tested did the 
exogenous efficiency estimates give a lower sum of 
squared residuals than the endogenous estimates.
This may he partly because the exogenous efficiency 
estimates chosen as representative may not, in fact, 
have been adequate. However, this serves to emphasize 
the problem facing the economist of choosing the most 
appropriate set of engineering estimates of efficiency. 
It was for this reason that the efficiency/demand 
function was developed.
Even if the economist does have a reliable 
set of engineering efficiency estimates, the efficiency/ 
demand function can still be useful since it should 
confirm that the efficiency estimates are appropriate.
If it does not, the data used to estimate the model is 
inadequate and consequently any elasticities estimated 
from the data will be misleading.
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Table
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T a b l e
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models incorporating endogenous and 
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T a b l e
Table
Table
Table
Table
1.13 Short run gas/oil price elasticities 
estimated from dynamic gas market share 
models incorporating endogenous and 
exogenous efficiency estimates
1.14 Short run gas/coal price elasticities 
estimated from dynamic gas market share 
models incorporating endogenous and 
exogenous efficiency estimates
U15 Coefficients of lagged dependent variables
in dynamic gas market share models 
incorporating endogenous and exogenous 
efficiency estimates 
I.16 Long run gas/oil price elasticities
estimated from dynamic gas market share 
models incorporating endogenous and 
exogenous efficiency estimates
H.17 Long run gas/coal price elasticities
estimated from dynamic gas market share 
models incorporating-endogenous and 
exogenous efficiency estimates
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Table A . 1 Relative efficiency values estimated from
the basic efficiency/demand function
Industry Relative efficiency
coal/oil gas/oil
Iron and steel 
Engineering etc, 
Pood etc. 
Chemicals etc. 
Textiles etc. 
Paper etc. 
Bricks etc. 
China etc.
All industry
0.92 
0 . 5 2  * * *  
0 . 5 8  * *
0 . 6 6  
0 . 8 6
1.36 *** 
0 . 9 2  
0 . 8 6
0.81 *
7.15
0.87
0.93
0.33***
3 , 4 8* * *
2.72***
2 . 2 1 * * *
1 . 0 0
1.09
*** Coefficient significant at the 5$ level
** Coefficient significant at the 10$ level
Coefficient significant at the 20$ level
-  2 1 8  -
Table A-2 Output elasticities estimated from the 
basic efficiency/demand function
Industry Output elasticity
Iron and steel 0.67 ***
Engineering etc. 1.28***
Food etc. 1.54 ***
Chemicals etc. 0.21
Textiles etc. -0.01
Paper etc. 0.50 ***
Brick3 etc. 0.16
China etc. 0.13
All industry 0.65 ***
**■* Coefficient significant at the 5$ level
** Coefficient significant at the 10$ level
* Coefficient significant at the 20$ level
Table A.3 Short n m  oil/coal price elasticities
estimated from dynamic oil market share 
models incorporating endogenous and 
exogenous efficiency estimates •
Industry Price elasticity
Efficiency estimates 
endogenous exogenous
Iron and steel 
Engineering etc 
Pood etc* 
Chemicals etc. 
Textiles etc. 
Paper etc. 
Bricks etc. 
China etc.
-0.03 
0 . 1 0  * * *  
0 . 0 1  
-0.15 * 
. 0 . 0 1  
0.05
0.27 *** 
0.09 *
.0.04 
0 . 1 2  * * *  
0.004 
.0.03 
.0.05 
0 . 0 1  
0 . 2 2  * * *  
0.09 *
All industry 0.03 0.03
* * *  C o e f f i c i e n t  s i g n i f i c a n t  a t  t h e  5 $  l e v e l
* *  C o e f f i c i e n t  s i g n i f i c a n t  a t  t h e  1 0 $  l e v e l
*  C o e f f i c i e n t  s i g n i f i c a n t  a t  t h e  2 0 $  l e v e l
-  2 2 0  -
Table A.4 Short run oil/gas price elasticities
estimated from dynamic oil market share 
models incorporating endogenous and 
exogenous efficiency estimates
Industry-
Iron and. steel 
Engineering etc.
Food etc.
Chemicals etc.
Textiles etc.
Paper etc.
Bricks etc.
China etc.
All industry
* * *  C o e f f i c i e n t  s i g n i f i c a n t
* *  C o e f f i c i e n t  s i g n i f i c a n t
*  C o e f f i c i e n t  s i g n i f i c a n t
Price elasticity 
Efficiency estimates 
endogenous exogenous
-0.06 •X- X * -0.03
-0.08 X** -0.09 ***
-0.05 - X * * -0.05 ***
0.03 -0.07 **
-0.05 **x -0 . 0 2
-0.07 ** -0.03
-0.19 X X - * -0.15 ***
-0 .1 0,- X * * -0 . 1 0 •X *  X
-0.05 *** -0 . 0 6 ***
at the 5$ level 
at the 10$ level 
at the 20$ level
-  2 2 1  -
Table A.5 Coefficients of lagged dependent variables
in dynamic oil market share models 
incorporating endogenous and exogenous 
efficiency estimates
Industry Coefficient
Efficiency estimates
endogenous exogenous
Iron and steel 0 . 86 *** 0.87 * * *
Engineering etc. 0.94 *-x* 0.95 ***
Food etc. 0.97 *** 0.97
Chemicals etc. 0.90 * * * 0.90 * * *
Textiles etc. 0.83 0.84 •x- *  *
Paper etc. 0.91 * * * 0.88 ■X--X--X-
Bricks etc. 0.55 X-** 0.55 * * *
China etc. 0.93 * * * 0.93
All industry 0.90 * * * 0.90 * * *
* * *  C o e f f i c i e n t  s i g n i f i c a n t  a t  t h e  5 $  l e v e l
* *  C o e f f i c i e n t  s i g n i f i c a n t  a t  t h e  1 0 $ . l e v e l
*  C o e f f i c i e n t  s i g n i f i c a n t  a t  t h e  2 0 $  l e v e l
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T a b l e  A . 6
Industry
Long run oil/coal price elasticities 
estimated from dynamic oil market share 
models incorporating endogenous and, 
exogenous efficiency estimates
Price elasticity 
Efficiency estimates 
endogenous exogenous
Iron and steel 
Engineering etc. 
Pood etc. 
Chemicals etc. 
Textiles etc. 
Paper etc.
Bricks etc.
China etc.
.0.19
1.74
0.29
-1.49
-0.09
0.54
0.60
1.39
- 0 . 3 0
2.28
0.15
-0.27
-0.29
0 . 1 0
0.48
1.35
All industry 0.25 0.29
-  2 2 3  -
Table A.7 Long run oil/gas price elasticities
estimated from dynamic oil market share 
models incorporating endogenous and 
exogenous efficiency estimates
Industry Price elasticity
Efficiency estimates
endogenous exogenous
Iron and steel -0.45 o • ro o
Engineering etc. -1.35 -1.73
Pood etc. -1.51 -1.89
Chemicals etc. 0.33 -0.70
Textiles etc. -0.31 -0.13
Paper etc. -0.71 -0.24
Bricks etc. -0.42 -0.32
China etc. -1.50 -1.4.6
A l l  i n d u s t r y - 0 . 4 8 - 0 . 5 6
-  2 2 4  -
T a b l e  A . 8
Industry
Short run coal/oil price elasticities 
estimated from dynamic coal market share 
models incorporating endogenous and 
exogenous efficiency estimates
Price elasticity 
Efficiency estimates 
endogenous exogenous
Iron and steel 
Engineering etc 
Pood etc. 
Chemicals etc. 
Textiles etc. 
Paper etc. 
Bricks etc. 
China etc.
0 . 0 1  
0.07 
-0.16 *** 
-0.30 * 
-0.15 
0 . 0 2  
- 0 . 0 1  
0.09
- 0 . 0 2
0.06
-0.15 *** 
-0.27 
-0.14 
- 0 . 0 0 2  
- 0 . 0 0 1  
0.09
All industry 0.03 0 . 0 3
* * *  C o e f f i c i e n t  s i g n i f i c a n t  a t  t h e  5 $  l e v e l
* *  C o e f f i c i e n t  s i g n i f i c a n t  a t  t h e  1 0 $  l e v e l
*  C o e f f i c i e n t  s i g n i f i c a n t  a t  t h e  2 0 $  l e v e l
-  2 2 5  -
Table A.9 Short run coal/gas price elasticities
estimated from dynamic coal market share 
models incorporating endogenous and 
exogenous efficiency estimates
Industry
Iron and steel 
Engineering etc.
Pood etc.
Chemicals etc.
Textiles etc.
Paper etc.
Bricks etc.
China etc.
All industry
*** Coefficient significant
** Coefficient significant
Coefficient significant
Price elasticity 
Efficiency estimates 
endogenous exogenous
- 0 . 0 8 * - 0 . 0 0 1
0 .0 5 0 . 0 3
- 0 . 0 2 - 0 . 0 2
- 0 . 6 0 * * * - 0 . 7 9  * * *
- 0 . 1 3 * - 0 . 1 0  *
- 0 . 3 0 *-** - 0 . 2 4  * * *
- 0 . 0 8 * * * - 0 . 0 4  *
0 .1 5 0 .1 5
- 0 . 0 4 - 0 . 0 5
at the 5$ level 
at the 10$ level 
at the 20$ level
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T a b l e  A . 1 0 Coefficients of lagged dependent variables 
in dynamic coal market share models 
incorporating endogenous and exogenous 
efficiency estimates
Industry Coefficient 
Efficiency estimates, 
endogenous exogenous
Iron and steel 
Engineering etc, 
Pood etc. 
Chemicals etc. 
Textiles etc. 
Paper etc. 
Bricks etc. 
China etc.
0 , 7 9  *** 
0 . 9 8  * * *
1 . 1 1  * * *
0 . 7 6  * * *  
0.94 *** 
0 . 7 2  * * *  
0 . 6 8  * * *
1.07 * * *
0.93
0.97
1 . 1 2
0.72
0.95
0;79
0.69
1.07
* * *
*•**
*#-x-
* * *
• X - * *
* * *
All industry 0 . 9 6  * -x-* 0 . 9 5  * * *
* * *  C o e f f i c i e n t  s i g n i f i c a n t  a t  t h e  5 $  l e v e l
C o e f f i c i e n t  s i g n i f i c a n t  a t  t h e  1 0 $  l e v e l
C o e f f i c i e n t  s i g n i f i c a n t  a t  t h e  2 0 $  l e v e l
*
-  2 2 7  -
T a b l e  A . 1 1
Industry
L o n g  r u n  c o a l / o i l  p r i c e  e l a s t i c i t i e s  
e s t i m a t e d  f r o m  d y n a m i c  c o a l  m a r k e t  
s h a r e  m o d e l s  i n c o r p o r a t i n g  e n d o g e n o u s  
a n d  e x o g e n o u s  e f f i c i e n c y  e s t i m a t e s
Price elasticity 
Efficiency estimates 
endogenous exogenous
Iron and steel 
Engineering etc. 
Pood etc. 
Chemicals etc. 
Textiles etc. 
Paper etc.
Bricks etc.
China etc.
0 . 0 2
2.98
1.49
- 1 . 2 6
-2.43
0.08
-0.04
-1.18
0 . 2 6
2 . 1 2
1.31
-0.96
-2.82
- 0 . 0 1
- 0 . 0 0 2
- 1 . 2 6
A l l  i n d u s t r y 0.62 0.61
-  2 2 8  -
T a b l e  A .  1 . 2 Long run coal/gas price elasticities 
estimated from dynamic coal market share 
models incorporating endogenous and 
exogenous efficiency estimates
Industry-
Iron and steel 
Engineering etc 
Pood .etc. 
Chemicals etc. 
Textiles etc. 
P&per etc. 
Bricks etc. 
China etc.
Price elasticity 
Efficiency estimates 
endogenous exogenous
-0.37
2 . 2 2
0.19
-2.52
-2.14
-1.07
-0.24
-2.05
- 0 . 0 1
1 . 1 2
0.17
-2.83
- 1 . 9 6
-1.15
-0.13
- 2 . 2 0
A l l  i n d u s t r y - 0 . 9 4 -1.01
-  2 2 9  -
T a b l e  A . 1 3
Industry
Short run gas/oil price elasticities 
estimated from dynamic gas market 3hare 
models incorporating endogenous and 
exogenous efficiency estimates
Price elasticity 
Efficiency estimates 
endogenous exogenous
Iron and steel 
Engineering e tc. 
Pood etc. 
Chemicals etc. 
Textiles etc. 
Paper etc.
Bricks etc.
China etc.
,0.06
0 . 0 6
0.09
- 0 . 1 2
- 0 . 0 2
- 0 . 1 0
-0.04
0.07
-0.09
0.04
0.09
-0.04
- 0 . 0 2
-0.08
-0.04
0.08
All industry -0.24 *** - 0 . 2 3  * * *
* * *  C o e f f i c i e n t  s i g n i f i c a n t ' a t  t h e  5 $  l e v e l
* *  C o e f f i c i e n t  s i g n i f i c a n t  a t  t h e  1 0 $  l e v e l
*  C o e f f i c i e n t  s i g n i f i c a n t  a t  t h e  2 0 $  l e v e l
-  2 3 0  -
Table A.14 Short run gas/coal price elasticities
estimated from dynamic gas market share 
models incorporating endogenous and 
exogenous efficiency estimates
Industry Price elasticity
Efficiency estimates 
endogenous exogenous
Iron and 3teel -0.70 * * * -0.77 ■ * * *
Engineering etc. -0.24 * * * -0.22 -X-’X-’X-
Pood etc. -0.42 *  *  * -0.42 * * *
Chemicals etc. -2.61 * * * . -2.43 * * *
Textiles etc. -0.66 * * * -0.68 * * *
Paper etc. -1.33 *  -X- -X -1.27 * * *
Bricks etc. -3.53 -X -* * -3.57 * * *
China etc. -0.33 * * * -0.32 **-x-
All industry -.0.55 • * * * -0.55 • * * *
* * *  C o e f f i c i e n t  s i g n i f i c a n t  a t  t h e  5 $  l e v e l
* . *  C o e f f i c i e n t  s i g n i f i c a n t  a t .  t h e  1 0 $  l e v e l
■ C o e f f i c i e n t  s i g n i f i c a n t  a t  t h e  2 0 $  l e v e l
-  2 3 1  -
Table A.15 Coefficients of lagged dependent variables 
in dynamic gas market share models 
incorporating endogenous and exogenous
efficiency
Industry
Iron and steel 
Engineering etc.
Pood etc.
Chemicals etc.
Textiles etc.
Paper etc.
Bricks etc.
China etc.
All industry
*** Coefficient significant 
** Coefficient significant 
* Coefficient significant
Coefficient 
Efficiency estimates 
endogenous exogenous
,0.01 0.4
0.87 *** 0.81 ***
1.01 *** 0.999 -x-x*
0 . 1 1 0.10
0.61 ■XX* 0.62 ***
0.38 *** 0.43 ***
0.24 •X 0.25 *
0.67 *** 0.72 ***
0.35 *** 0.34 ***
at the 5$ level 
at the 10$ level 
at the 20$ level
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T a b l e  A . 1 6 Long run gas/oil price elasticities 
estimated from dynamic gas market share 
models incorporating endogenous and 
exogenous efficiency estimates
Industry
Iron and steel 
Engineering etc 
Pood etc. 
Chemicals etc. 
Textiles etc. 
Paper etc. 
Bricks etc. 
China etc.
Price elasticity 
Efficiency estimates 
endogenous exogenous
- 0 . 0 6  
0.41 
-11.29 
-0.13 
-0.06 
- 0 . 1 6  
-0.05 
0 . 2 0
-0.09
0.19
123.74-
-0.05
-0.06
-0.14
-0.05
0.28
A l l  i n d u s t r y -0.36 0 . 3 5
-  2 3 3  -
T a b l e  A . 1 7
Industry
Long run gas/coal price elasticities 
estimated from dynamic gas market share 
models incorporating endogenous and 
exogenous efficiency estimates
Price elasticity 
Efficiency estimates 
endogenous exogenous
Iron and steel 
Engineering etc 
Pood etc. 
Chemicals etc. 
Textiles etc. 
Paper etc. 
Bricks etc. 
China etc.
-0.70
- 1 . 7 6
51.88
-2.94
-1.67
-2.13
-4.62
-0.99
-0.80
-1.17
-561.32
,-2.71
-1.80
- 2 . 2 2
-4.72
-0.15
A l l  i n d u s t r y - 0 . 8 4 - 0 . 8 2
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Table
Table
Table
Table
Tabl e
Table
Table
Table
Table
Table
Table
T a b l e
APPENDIX B 
BASIC DATA
Number
B'.l Thermal equivalents of oil and coal
B.2 Prices of fuels
B.3 Output and consumption of fuels; Iron
and Steel
B.4 Output and consumption of fuels:
Engineering and other metal trades 
B*5 Output and consumption of fuels: Pood,
drink and tobacco
B.6 Output and consumption of fuels:
Chemicals and allied trades
B.7 Output and consumption of’ fuels:
Textiles, leather and clothing
B.8 Output and consumption of fuels;
Paper, printing and stationery
B.9 Output and consumption of fuels: Bricks,
cement and other building materials
B.10 Output and consumption of fuels; China,
earthenware and glass
B.ll Deflating index and temperature
-  2 3 5  -
A b b r e v i a t i  o n s
ED = Digest of U.K. Energy Statistics 
United Kingdom Energy Digest 
Ministry of Technology Digest of 
Energy Statistics
Ministry of Power Statistical Digest 
NI = National Income and Expenditure 
AA a. Annual Abstract of Statistics 
T = Table
Thermal equivalents of oil and coal
Gas is normally measured in therms whereas oil and 
coal are normally measured in tons. Thermal equivalents 
for oil and coal are, however, published in the Energy 
Digest. To find the average thermal equivalent for 
coal, for which different figures are given for each 
industry, aggregate coal consumption measured in therms 
is divided by aggregate coal consumption measured in tons. 
Goal consumption includes all solid fuel, coke oven gas 
and creosote pitch mixtures.
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T a b l e  B . l T h e r m a l  e q u i v a l e n t s  o f  o i l  a n d  c o a l
Year Coal
consumption"
Coal
consumption'
Coal Oil
thermal thermal
equivalent equivalent
million
therms
million
tons therms/ton
1960 9045 34.90 259 412
1961 8447 32.61 259 412
1962 7966 30.77 259 412
1963 7536 29.10 259 412
1964 7235 27.95 259 412
1965 7059 27.29 259 412
1966 6573 25.20 261 412
1967 6054 22.88 265 413
1968 5889 22.59 261 413
1969 5572 21.37 261 415
1970 5034 19-30 261 415
1971 4062 15.58 261 416
1972 3047 11.48 265 418
1973 3156 11.89 265 418
1974 2373 8.98 264 413
Sources 1KDs 1968/69, T8; 1974, T10; 1975, T10.
2ED: 1968/69, T7; 1974, T9; 1975, T9.
5KD: 1 9 7 3, page 179; 1974, page 162;
1975, page 158.
-  2 3 7  -
The prices per ton of fhel oil and coal were 
obtained from the table headed ’Prices of fuels 
used by industry’ in the Energy Digest. By 
dividing these prices by thermal equivalents per 
ton obtained from Table B.l the prices per therm 
were calculated. The price per therm of gas was 
obtained directly from the Energy Digest.
P r i c e s  o f  f u e l s
-  2 3 8  -
T a b l e  B . 2  P r i c e s  o f  f u e l s
Year Price of., 
fuel oil
Price-, of 
coal
Price ofp 
fuel oil
PricepOf
coal
Pricey
gas
£/ton pence/therm
I960 8.30 5.40 2.01 2.08 6.44
1961 7.60 5.60 1.84 2.16 6.55
1962 8.50 5.80 2.06 2.24 6 .69
1963 8.00 5.80 1.94 2.24 6.70
1964 7.50 5.80 1.82 2.24 6 • 69
1965 7.00 5.80 1.70 2.24 6.61
1966 7.40 5.90 1.80 2.26 6.68
1967 8.60 5.70 2.08 2.15 6 .64
1968 9.40 5.50 2.28 2.11 6.67
1969 9.30 5.60 2.24 2.15 5.85
1970 9.30 6.70 2.24 2.57 4.52
1971 13.90 8.00 3.34 3.07 3.27
1972 13.30 8.60 3.18 3.25 2.96
1973 13.00 9.00 3.11 3.40 3.07
1974 30.80 9.80 7.46 3.71 2.97
Sources 1EDs 1 9 7 5, T100; 1974, T86; 1975, T86.
^Source 1 and Talole B.l
-  2 3 9  ^
Output figures were obtained from the table headed 
’Index of industrial production' in the Annual Abstract 
of Statistics. Base changes were made in accordance 
with the method suggested by Clarke and Schkade.1 The 
index numbers were aggregated when necessary in proportion 
to the weightings given in the Annual Abstract of 
Statistics.
The consumption of oil, coal and gas was obtained 
from the tables headed 'Energy consumption by final users 
(Heat supplied basis)' and 'Energy consumption by main 
industrial groups (Heat supplied basis)1.
O u t p u t  a n d  c o n s u m p t i o n  o f  f u e l s
1. O.T. Clarke and L-L. Schkade, "Statistical Methods 
for Business Decisions". South Western 
Publishing Company, 1969-
-  2 4 0  -
D e f i n i t i o n  o f  i n d u s t r i e s
Energy Digest 
classification
Iron and steel
Engineering and 
other metal 
trades
Pood, drink 
and tobacco
Ohemicals and 
allied trades
Component
industries
Ferrous inetal 
manufacture
Non-ferrous
metal
manufacture
Mechanical
engineering
Instrument
engineering
Electrical 
engineering
Shipbuilding
Motor vehicles
Other vehicles
Metal goods 
not elsewhere 
specified
Pood
Drink and 
tobacco
Chemicals and 
allied trades
SIC
Order number 
311-313 
321-323
VII
VIII
IX
X 
3 8 1
382-385
XII
211-229
231-240
V
2. In accordance with the Standard Industrial 
Classification, 1968.
-  2 4 1  -
Energy Digest
Textiles, leather 
and clothing
Paper, printing 
and stationery
Bricks, cement 
and other
building materials
China, earthenware 
and glass
Component 
industri es
Textiles
Leather, 
leather goods 
and fur
Clothing 
and footwear
Paper, printing 
and stationery
Bricks, cement 
and other
building materials
Pottery and 
glass
SIC
Order number
XIII
XIV
XV
XVIII 
4 6 1 , 464-469
462, 463
-  2/12 _
Table B.3 Output and consumption of fuels: Iron and Steel
Year 011 1 consumption Goal t Gas n consumption consumption
Index of 2 
production
million therms 1970 = 100
1960 1000 573.0 145 94.3
1961 1162 5260 144 88.5
1962 1272 4701 136 82.9
1963 1537 4662 140 86.8
1964 1780 5075 146 99.2
1965 1991 5029 148 104.3
1966 1948 4436 142 97.9
1967 I960 4087 132 91.4
1968 2031 4354 140 96.8
1969 2227 4318 174 100.4
1970 2328 4248 244 100.0
1971 2185 3693 343 89.4
1972 2089 3451 437 89.2
1973 2066 3704 396 97.3
1974 1648 3093 395 87.8
Sources 1ED: 1968/9, T8; 1974, T10; 1975, T10.
2AA: 1968, T152;■ 1974, T171; 1975, 1177.
Table B.4 Output and consumption of faels: Engineering 
and other metal trades
Year Oil , Goal Gas ^ Index of 2
consumption consumption consumption production
million therms 1970 = 100
A
-  2 4 3  -
I960 890 1207 432 75.8
1961 962 1157 418 76.3
1962 1068 1135 425 77.1
1963 1213 1101 435 80.0
1964 1280 1045 453 85.9
1965 1440 1002 465 87.4
1966 1508 907 494 89.5
1967 1594 823 485 90.0
1968 1751 738 506 94.6
1969 1852 707 536 99.8
1970 1924 677 581 100.0
1971 1773 528 635 99.1
1972 1748 434 806 99.4
1973 1769 618 1066 107.5
1974 1653 593 1147 105.8
Sources 1968/69, T10; 1974, T12; 1975 , T12.
2AA: 1968, T152; 1974, T171; 1975, T177.
-  2 4 4  -
T a b l e  B . 5  O u t p u t  a n d  c o n s u m p t i o n  o f  f u e l s :  P o o d .
drink and tobacco
Year Oil ± 
consumption
Coal ^ 
consumption
Gas
consumption
Index of 
production
million therms 1970 = 100
1960 360 1019 86 78.0
1961 420 1023 86 80.4
1962 473 960 . 84 81.9
1963 542 954 82 84.0
1964 611 908 85 86.4
1965 690 910 88 88.6
1966 763 889 78 91.3
1967 858 800 75 93.0
1968 915 739 76 95.6
1969 982 656 77 98.6
1970 1078 612 84 100.0
1971 1148 . 535 104 100.7
1972 1200 464 176 105.0
1973 1238 388 272 109.3
1974 1190 368 362 110.0
Sources 1ED: ’1968/69, T10; 1974, T12; 1975, T12.
2AA: 1968, T152; 1974, T171; 1975, T177.
- 2/15 -
T a b l e  B . 6  O u t p u t  a n d  c o n s u m p t i o n  o f  f u e l s ;  C h e m i c a l s
Year
and allied trades
Oil x Coal 1 
consumption consumption
Gas
consumption
Index of 
production
million therms 1970 = 100
I960 378 1973 25 56.3
1961 437 ' 1917 25 57.4
1962 511 1816 26 59.5
1963 620 1660 27 63.8
1964 726 1545 28 69.7
1965 768 1528 29 74.6
1966 837 1519 38 78.8
1967 1065 1388 38 83.4
1968 1094 1340 42 89.9
1969 1064 1254 95 95.0
1970 1205 1105 259 100.0
1971 1383 730 889 102.0
1972 1539 327 1352 108.0
1973 1751 267 1741 120.9
1974 1538 242 1931 128.0
Sources 1KD! 1968/69, TIOj 1974, T12; 1975, T12.
2AA: 1968, T152; 1974, T171; 1975, T177.
_  2 4 6  -
leather and clothing
T a b l e  B . 7  O u t p u t  a n d  c o n s u m p t i o n  o f  f u e l s :  T e x t i l e s .
Year Oil , Coal ^ Gas Index of 2
consumption consumption consumption production
million therms 1970 = 100
I960 243 1253 26 84.1
1961 310 1092 26 83.0
1962 360 1021 26 80.9
1963 44 2 966 26 83.8
1964 532 874 27 88.2
1965 608 830 28 91.0
1966 708 753 24 90.8
1967 736 672 25 88.3
1968 764 637 28 98.9
1969 791 585 34 100.4
1970 781 541 37 100.0
1971 700 441 51 102.3
1972 744 .317 122 104 .6
1973 749 314 163 109.6
1974 674 283 179 103.5
Sources 1ED:
2AA;
1968/69, T10; 1974, T12 
1968, T152; 1974, 1171j
i 1975, T12* 
1975, T177.
-  2 4 7  -
printing and stationery
T a b l e  B . 8  O u t p u t  a n d  c o n s u m p t i o n  o f  f u e l s :  P a p e r .
Year Oil ^ Coal Gas Index of ~
consumption consumption consumption production
million therms 1970 = 100
I960 226 903 15 76.3
1961 268 873 15 76.5
1962 305 844 15 78.0
1963 359 . 844 15 81.7
1964 400 84 4 16 88.5
1965 462 838 16 90.4
1966 527 842 15 92.8
1967 568 766 15 92.5
1968 620 739 17 96.2
1969 638 735 18 99.3
1970 683 713 21 100.0
1971 7/13 514 102 97.3
1972 745 404 215 101.9
1973 718 371 267 112.8
197/1 659 315 299 109.4
Sources ^ED: 1968/69, T10; 1974, T12 ; 1975, T12.
2AA: 1968, T152; 1974, T171; 1975, T177•
-  2 4  8  -
cement and other building materials
T a b l e  B . 9  O u t p u t  a n d  c o n s u m p t i o n  o f  f u e l s :  B r i c k s .
Year Oil 1 Coalconsumption consumption
Gas ^ . Index of „
consumption production
million therms 1 9 7 0  = 1 0 0
I960 326 1508 74.0
1961 480 1409 79.5
1962 630 1344 79.3
1963 631 1235 81.0
1964 652 1260 95.2
1965 742 1270 97.2
1966 785 1221 95.1
1967 786 1171 100.8
1968 793 1206 103.9
1969 772 1208 102.7
1970 770 .1062 100.0
1971 619 1013 95 106.4
1972 557 922 246 113.7
1973 514 1034 303 125.0
1974 493 909 283 109.4
Sources 1ED: 1968/69, T10; 1974-, T12; 1975, T12.
99
<<CvJ 1968, T152; 1974, T171; 1975, T177-
- 2^9 -
Table B.10 Output and consumption of fuels: China*
earthenware and glass
Year Oil , Goal
consumption consumption
Gas
consumption
^ Index of 
production
million therms 1970 = 100
I960 219 308 103 75.7
1961 248 271 105 76.6
1962 301 238 105 79.4
1963 309 195 106 82.2
1964 363 174 110 90.7
1965 370 136 113 90.6
1966 394 116 111 92.3
1967 399 102 104 92.0
1968 419 83 106 99.7
1969 439 63 105 105.2
1970 455 49 123 100.0
1971 489 37 120 109.8
1972 4 36 27 158 115.1
1973 411 29 184 128.2
1974 378 26 230 130.8
Sources 1EDj 1968/69, ELOj 1974, oorHE-i ; 1975, T12.
2AA j 1968, T152; 1974, T171; 1975, T177.
-  2 5 0  -
Deflating index and temperature
The deflating index was obtained from the table 
headed 'Implied index numbers of costs and prices1 
in National Income and Expenditure.
Temperature was obtained from the table headed 
’Mean air temperatures' in the Energy Digest.
Table B.ll 
Tear
1 9 6 0
1961
1962
1963
1964
1965
1 9 6 6
1967
1 9 6 8
1969
1970
1971
1972
1973
1974
-  2 5 1  -
D e f l a t i n g  i n d e x  a n d  t e m p e r a t u r e
1 ?  Deflating index Temperature
1970 = 100 °C
69.3 9.8
71.6 1 0 . 0
74.0 8.7
75.6 8.6
77.6 9.6
80.9 9.1
84.1 9.5
86.7 9.8
8 9 • 6  9 . 5
92.8 9.4
1 0 0 . 0 9 ,7
110.5 9.9
121.5 9.3
1 3 2 . 0 9 .7
i51.9 9.6
Sources 1Wl! 1974, T17; 1975, T17.
ED: 1 9 7 0, pl86; 1974, T113; 1975, T105.
-  2 5 2  -
Books and articles 
P.S. Acton,
P.O. Adams and 
P. Miovic,
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